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C OR YNEBACTERT UM GLUTAMTCVM GENES ENCODING NOVEL 

PROTEINS 

Background of the Invention 

5 Certain products and by-products of naturally-occurring metabolic processes in 

cells have utility in a wide array of industries, including the food, feed, cosmetics, and 
pharmaceutical industries. These molecules, collectively termed 'fine chemicals', 
include organic acids., both proteinogenic and non-proteinogenic amino acids, 
nucleotides and nucleosides, lipids and fatty acids, diols. carbohydrates, aromatic 
1 0 compounds, vitamins and cofactors, and enzymes. Their production is most 

conveniently performed through the large-scale culture of bacteria developed to produce 
and secrete large quantities of one or more desired molecules. One particularly useful 
organism for this purpose is Corynebacterium glutamicum, a gram positive, 
nonpathogenic bacterium. Through strain selection, a number of mutant strains have 
15 been developed which produce an array of desirable compounds. However, selection of 
strains improved for the production of a particular molecule is a time-consuming and 
difficult process. 

Summary of the Invention 

20 This invention provides novel nucleic acid molecules which may be used to 

identify or classify Corynebacterium glutamicum or related species of bacteria. C 
gluiamicumds a gram positive, aerobic bacterium which is commonly used in industry 
for the large-scale production of a variety of fine chemicals, and also for the degradation 
of hydrocarbons (such as in petroleum spills) and for the oxidation of terpenoids. The 
25 nucleic acid molecules therefore can be used to identify microorganisms which can be 
<C"& : ' used to produce fine chemicals, e.g., by fermentation processes. While C glutamicum - 
itself is nonpathogenic, it is related to ojher Corynebacterium species, such as 
Corynebacterium diphtheriae (the causative agent of diphtheria), which are important 
human pathogens. The ability to identify* the presence of Corynebacterium species 
30 * therefore also can have significant clinical relevance, e.g., diagnostic applications. 

Further, these nucleic acid molecules may serve as reference points for the mapping of 
the C glutamicum genome, or of genomes of related organisms. 

These novel nucleic acid molecules encode proteins, referred to herein as marker 
and fine chemical production (MCP) proteins. These MCP proteins may be involved. 
35 for example, in the direct or indirect production of one or more fine chemicals from C 
glutamicum. The MCP proteins of the invention may also participate in the degradation 
of hydrocarbons or the oxidation of terpenoids. These proteins may also be utilized for 
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thc identification of Corynebactenum glutamicum or organisms related to C 
glutamicum: the presence of an MCP protein specific to C glutamicum and related 
. species in a mixture of proteins may indicate the presence of one of these bacteria in the 
sample. Further, these MCP proteins may have homologues in plants or animals which 
5 are involved in a disease state or condition: these proteins thus may serve as useful 
pharmaceutical targets for drug screening and the development of therapeutic 
compounds. 

Given the availability of cloning vectors for use in Corynebactenum 
glutamicum, such as those disclosed in Sinskey ct al., U.S. Patent No. 4.649.1 J 9, and 
1 0 techniques for genetic manipulation of C glutamicum and the related Brevibacterium 
species (e.g.. lactofermenrum) fYoshihama et al. J. Bacterid. 162: 591-597 (1985); 
Katsumata et al., J. Bacterid 159: 306-31 1 (1984); and Santamaria et al.. /. Gen 
Microbiol. 1 30: 223 7-2246 (1 984)), the nucleic acid molecules of the invention may be 
utilized in the genetic engineering of this organism to modulate the production of one or 
15 more fine chemicals. This modulation may be due to a direct effect of manipulation of a 
gene of the invention, or it may be due to an indirect effect of such manipulation. For 
example, by modifying the activity of a protein involved in the biosynthesis or 
degradation of a fine chemical (i.e.. through mutagenesis of the corresponding gene), 
one may directly modulate the ability of the cell to synthesize or to degrade this 
20 compound, thereby modulating the yield and/or efficiency of production of the fine 
chemical. Similarly, by modulating the activity of a protein which regulates a fine 
chemical metabolic pathway, one may directly influence whether the production of the 
desired compound is up- or down-regulated, either of which will modulate the yield or 
efficiency of production of the fine chemical from the cell. 
" 25 Indirect modulation of fine chemical production may also result by modifying 

the activity of a protein of the invention (i.e.. by mutagenesis of the corresponding gene) 
such that the overall ability of the cell to grow and divide or to remain viable and 
productive is increased. The production of fine chemicals from C glutamicum is 
generally accomplished by the large-scale fermentative culture of these microorganisms. 
30 conditions which are frequently suboptimal for growth and cell division. By 

engineering a protein of the invention (e.g.. a stress response protein, a cell wall protein* 
or proteins involved in the metabolism of compounds necessary for cell growth and 
division to occur, such as nucleotides and amino acids) such that it is better able to 
survive, grow, and multiply in such conditions, it may be possible to increase the 
35 number and productivity of such engineered C glutamicum cells in large-scale culture, 
which in turn should result in increased yields and/or efficiency of production of one or 
more desired fine chemicals. Further, the metabolic pathways of any cell arc necessarily 
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interrelated and coregulated. By altering the activity or regulation of any one metabolic 
pathway in C glutamicum (i.e., by altering the activity of one of the proteins of the 
invention which participates in such a pathway), it is possible to concomitantly alter the 
activity or regulation of other metabolic pathways in this microorganism, which may be 
directly involved in the synthesis or degradation of a fine chemical. 

The invention provides novel nucleic acid molecules which encode proteins, 
referred to herein as MCP proteins, which are capable of, for example, modulating the 
production or efficiency of production of one or more fine chemicals from C. ' 
glutamicum. or of serving as identifying markers for C glutamicum or related 
organisms. Nucleic acid molecules encoding an MCP protein are referred to herein as 
MCP nucleic acid molecules. In a preferred embodiment, the MCP protein is capable of 
modulating the production or efficiency of production of one or more fine chemicals 
from C glutamicum. or of serving as identifying markers for C glutamicum or related 
organisms. Examples of such proteins include those encoded by the genes set forth in 
15 Table 1. 

Accordingly, one aspect of the invention pertains to isolated nucleic acid 
molecules (e.g., cDN As) comprising a nucleotide sequence encoding an MCP protein or 
biologically active portions thereof as well as nucleic acid fragments suitable as primers 
or hybridization probes for the detection or amplification of MCP-cncoding nucleic acid 
20 (e.g. : DNA or mRNA). In particularly preferred embodiments, the isolated nucleic acid 
molecule comprises one of the nucleotide sequences set forth in Appendix A or the 
coding region or a complement thereof of one of these nucleotide sequences. In other 
particularly preferred embodiments, the isolated nucleic acid molecule of the invention 
comprises a nucleotide sequence which hybridizes to or is at least about 50%, preferably 
25 at least about 60%, more preferably at least about 70%. 80% or 90%. and even more 
preferably at least about 95%. 96%, 97%. 98%, 99% or more homologous to.a. 
nucleotide sequence set forth in Appendix A. or a portion thereof. In other preferred 
embodiments, the isolated nucleic acid molecule encodes one of the amino acid 
sequences set forth in Appendix B. The preferred MCP proteins of the present invention 
30 also preferably possess at least one of the MCP activities described herein. 

In another embodiment, the isolated nucleic acid molecule encodes a protein or 
portion thereof wherein the protein or portion thereof includes an amino acid sequence 
which is sufficiently homologous to an amino acid sequence of Appendix B. e.g.. 
sufficiently homologous to an amino acid sequence of Appendix B such that the protein 
35 or portion thereof maintains an MCP activity. Preferably, the protein or portion thereof 
encoded by the nucleic acid molecule maintains the ability to modulate the production or 
efficiency of production of one or more fine chemicals from C glutamicum. or of 
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serving as an identifying marker for C. glutamicum or related organisms. In one 
embodiment, the protein encoded by the nucleic acid molecule is at least about 50%. 
preferably at least about 60%, and more preferably at Jcast about 70%. 80%: or 90% and 
most preferably at least about 95%. 96%, 97%. 98%, or 99% or more homologous to an 
5 amino acid sequence of Appendix B (e.g.. an entire amino acid sequence selected from 
those sequences set forth in Appendix B). In another preferred embodiment the protein 
is a full length C glulamicum protein which is substantially homologous to an entire 
amino acid sequence of Appendix B (encoded by an open reading frame shown in 
Appendix A). 

10 In another preferred embodiment the isolated nucleic acid molecule is derived 

from C glutamicum and encodes a protein (e.g., an MCP fusion protein) which includes 
'\0 a biologically active domain which is at least about 50% or more homologous to one of 

the amino acid sequences of Appendix B and is able to modulate the yield, production, 
and/or efficiency of production of one or more fine chemicals from C glutamicum, to 
15 degrade hydrocarbons, to oxidize terpenoids, to serve as a target for drug development, 
or to serve as an identifying marker for C glutamicum or related organisms, and which 
also includes heterologous nucleic acid sequences encoding a heterologous polypeptide 
or regulatory regions. - 
In another embodiment, the isolated nucleic acid molecule is at least 1 5 
20 nucleotides in length and hybridizes under stringent conditions to a nucleic acid 

molecule comprising a nucleotide sequence of Appendix A. Preferably, the isolated , 
nucleic acid molecule corresponds to a naturally-occurring nucleic acid molecule. More 
preferably, the isolated nucleic acid encodes a naturally-occurring C glutamicum MCP 
protein, or a biologically active portion thereof. 
f 25 Another aspect of the invention pertains to vectors, e.g.. recombinant expression 

Jt vectors, containing the nucleic acid molecules of the invention, and host cells into which 

such vectors have been introduced. In one embodiment such a host cell is used to 
produce an MCP protein by culturing the host cell in a suitable medium. The MCP 
protein can then be isolated from the medium or the host cell. 
30 Yet another aspect of the invention pertains to a genetically altered 

microorganism in which an MCP gene has been introduced or altered. In one 
embodiment, the genome of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding wild-type or mutated MCP sequence as 
a transgene. In another embodiment, an endogenous MCP gene within the genome of 
35 the microorganism has been altered, e.g.. functionally disrupted, by homologous 
recombination with an altered MCP gene. In a preferred embodiment the 
microorganism belongs to the genus Corynebacterium or Brevibacterium, with 
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Corynebacterium glutamicum being particularly preferred. In a preferred embodiment, 
the microorganism is also utilized for the production of a desired compound, such as an 
amino acid, with lysine being particularly preferred. 

Still another aspect of the invention pertains to an isolated MCP protein or a 
5 portion, e.g.. a biologically active portion, thereof In a preferred embodiment, the 
isolated MCP protein or portion thereof is capable of modulating the production or 
efficiency of production of one or more fine chemicals from C glutamicum. or of 
serving as an identifying marker for C glutamicum or related organisms. In another 
preferred embodiment the isolated MCP protein or portion thereof is sufficiently 

1 0 homologous to an amino acid sequence of Appendix B such that the protein or portion 
thereof maintains the ability to, for example, modulate the production or efficiency of 
production of one or more fine chemicals from C glutamicum. or to serve as identifying 
markers for C glutamicum or related organisms. 

The invention also provides an isolated preparation of an MCP protein. In 

1 S preferred embodiments, the MCP protein comprises an amino acid sequence of 

Appendix B. In another preferred embodiment the invention pertains to an isolated full 
length protein which is substantially homologous to an entire amino acid sequence of 
Appendix B (encoded by an open reading frame set forth in Appendix A). In yet 
another embodiment, the protein is at least about 50%, preferably at least about 60%, 

20 and more preferably at least about 70%, 80% ? or 90%, and most preferably at least about 
95%, 96%. 97%, 98%, or 99% or more homologous to an entire amino acid sequence of 
Appendix B. In other embodiments, the isolated MCP protein comprises an amino acid 
sequence which is at least about 50% or more homologous to one of the amino acid 
sequences of Appendix B and is able to modulate the yield, production, and/or 

25 efficiency of production of one or more fine chemicals from C glutamicum. to degrade 
hydrocarbons, to oxidize terpenoids, to serve as a target for drug development, or to 
serve as an identifying marker for C glutamicum or related organisms. 

Alternatively, the isolated MCP protein can comprise an amino acid sequence 
which is encoded by a nucleotide sequence which hybridizes, e.g.. hybridizes under 

30 stringent conditions, or is at least about 50%, preferably at least about 60%, more 
preferably at least about 70%. 80%. or 90%, and even more preferably at least about 
95%. 96%, 97%, 98.%, or 99% or more homologous, to a nucleotide sequence of 
Appendix B. It is also preferred that the preferred forms of MCP proteins also have one 
or more of the MCP bioactivities described herein. 

35 The MCP polypeptide, or a biologically active portion thereof, can be 

operativeiy linked to a non-MCP polypeptide to form a fusion protein. In preferred 
' embodiments, this fusion protein has an activity which differs from that of the MCP 
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protein alone. In other preferred (embodiments, this fusion protein is capable of 
modulating the yield, production and/or efficiency of production of one or more fine 
chemicals from C giutamicum. or of serving as an identifying marker for C glutamicum 
or related organisms. In particularly preferred embodiments, integration of this fusion 
5 protein into a host cell modulates production of a desired compound from the cell. 

Another aspect of the invention pertains to a method for producing a fine 
chemical. This method involves the culturing of a cell containing a vector directing the 
expression of an MCP nucleic acid molecule of the invention, such that a fine chemical 
is produced. In a preferred embodiment, this method further includes the step of 

1 0 obtaining a cell containing such a vector, in which a cell is transfected with a vector 

directing the expression of an MCP nucleic acid. In another preferred embodiment, this 
method further includes the step of recovering the fine chemical from the culture. In a 
particularly preferred embodiment, the cell is from the genus Corynebacterium or / 
Brevibacterivm % or is selected from those strains set forth in Table 3. 

1 5 Another aspect of the invention pertains to methods for modulating production of 

a molecule from a microorganism. Such methods include contacting the cell with an 
agent which modulates MCP protein activity or MCP nucleic acid expression such that a 
cell associated activity is altered relative to this same activity in the absence of the 
agent. In a preferred embodiment the cell is modulated for one or more C glutamicum 

20 MCP protein activities, such that the yield, production, and/or efficiency of production 
of a desired fine chemical by this microorganism is improved. The agent which 
modulates MCP protein activity can be an agent which stimulates MCP protein activity 
orMCP nucleic acid expression. Examples of agents which stimulate MCP protein 
activity or MCP nucleic acid expression include small molecules, active MCP proteins, 

25 and nucleic acids encoding MCP proteins that have been introduced into the cell. 

Examples of agents which inhibit MCP activity or expression include small molecules t 
and antisense MCP nucleic acid molecules. 

Another aspect of the invention pertains to methods for modulating yields, 
production, and/or efficiency of production of a desired compound from a cell, 

30 involving the introduction of a wild-type or mutant MCP gene into a cell, either 
maintained on a separate plasmid or integrated into the genome of the host cell. If 
integrated into the genome, such integration can be random, or it can take place by 
homologous recombination such that the native gene is replaced by the introduced copy, 
causing the production of the desired compound from the cell to be modulated. Tn 4 

35 preferred embodiment said yields are increased. In another preferred embodiment, said 
chemical is a fine chemical. In a particularly preferred embodiment, said fine chemical 
is an amino acid. In especially preferred embodiments, said amino acid is L-lysine. 
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Detailed Description of the Invention 

The present invention provides MCP nucleic acid and protein molecules. These 
MCP nucleic acid molecules may be utilized in the identification of Corynebactcnum 
gtutomicum or related organisms, in the mapping of the C glufamicum genome (or a 
5 genome of a closely related organism), or in the identification of microorganisms which 
may be used to produce fine chemicals, e.g., by fermentation processes. The proteins 
encoded by these nucleic acids may be utilized in the direct or indirect modulation of the 
production or efficiency of production of one or more fine chemicals from C 
glutamicum* as identifying markers for C glutamicum or related organisms, in the 
1 0 oxidation of terpenoids or the degradation of hydrocarbons, or as targets for the 

development of therapeutic pharmaceutical compounds. Aspects of the invention are 
further explicated below. 

I. Fine Chemicals 

15 The term 'fine chemical" is art-recognized and includes molecules produced by 

an organism which have applications in various industries, such as, but not limited to, 
the pharmaceutical, agriculture, and cosmetics industries. Such compounds include 
organic acids, such as tartaric acid, itaconic acid, and diaminopimeli.c acid, both 
proteinogenic and non-proteinogenic amino acids, purine and pyrimidine bases, 

20 ^nucleosides, and nucleotides (as described e.g. in Kuninaka, A. (1996) Nucleotides and 
^-ed compounds, p. 561 -612, in Biotechnology vol. 6, Rehm et al., eds. VCH: 
Weinheim. and references contained therein), lipids, both saturated and unsaturated fatty 
acids (e.g., arachidonic acid), diols (e.g., propane diol. and butane diol), carbohydrates 
(e.g.. hyaluronic acid and trehalose), aromatic compounds (e.g.. aromatic amines. 

25 vanillin, and indigo), vitamins and cofactors (as described in Ullmann's Encyclopedia of 
Industrial Chemistry, vol. A27. "Vitamins"- p. 443-613 (1996) VCH: Weinheim and 
references therein; and Ong, A.S., Niki, E. & Packer, L. (1995) Nutrition. Lipids, 
Health, and Disease" Proceedings of the UNESCO/Confederation of Scientific and 
Technological Associations in Malaysia, and the Society for Free Radical Research -p 

30 Asia, held Sept. 1-3, 1994 at Penang, Malaysia. AOCS Press, (1995)). enzymes, and all 
other chemicals described in Gutcho (1 983) Chemicals by Fermentation* Noyes Data 
Corporation. ISBN: 0818805086 and references therein. The metabolism and uses of 
certain of these fine chemicals are further explicated below. 
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A. Amino Acid Metabolism and Uses 

Amino acids comprise the basic structural units of all proteins, and as such are 
essential for normal cellular functioning in all organisms. The term "amino acid" is art- 
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recognized. The proteirtogenic amino acids, of which there are 20 species, serve as 
structural units for proteins, in which they are linked by peptide bonds, while the 
nonpToteinogenic amino acids (hundreds of which are known) are not normally found in 
proteins (see Ulroann's Encyclopedia of Industrial Chemistry, vol. A2, p. 57-97 VCH: 
5 Weinhcim (1985)). Amino acids may be in the D- or L- optical configuration, though L- 
amino acids are generally the only type found in naturally-occurring proteins. 
Biosynthetic and degradative pathways of each of the 20 proteinogenic amino acids 
have been well characterized in both prokaryotic and eukaryotic cells (see, for example. 
Stryer. L. Biochemistry, 3* edition, pages 578-590 (1988)). The 'essential' amino acids 
1 0 (histidine. isoleucine. leucine, lysine, methionine, phenylalanine, threonine, tryptophan, 
and valine), so named because they are generally a nutritional requirement due to the 
complexity of their biosynthesis, are readily converted by simple biosynthetic pathways 
to the remaining 1 1 'nonessential- amino acids (alanine, arginine, asparagine. aspartate, 
cysteine, glutamate, glutamine. glycine, proline, serine, and tyrosine). Higher animals 
15 do retain the ability to synthesize some of these amino acids, but the essential amino 
acids must be supplied from the diet in order for normal protein synthesis to occur. 

Aside from their .function in protein biosynthesis, these amino acids arc 
interesting chemicals in their own right, and many have been found to have various 
applications in the food. feed, chemical, cosmetics, agriculture, and pharmaccutical 
20 industries: Lysine is an important amino acid in the nutrition not only of humans, but 
also of monogastric animals such as poultry and swine. Glutamate is most commonly 
used as a flavor additive (mono-sodium glutamate, MSG) and is widely used throughout 
the food industry, as are aspartate, phenylalanine, glycine, and cysteine. Glycine, L- 
methionine and tryptophan are all utilized in the pharmaceutical industry. Glutamine. 
25 valine, leucine, isoleucine. histidine. arginine. proline, serine and alanine are of use in 
both the .pharmaceutical and cosmetics industries. Threonine, tryptophan, and D/ L- 
methionine are common feed additives, (Uuchtenberger. W. ( 1 996) Amino aids- 
technical production and use, p. 466-502 in Rehm et al. (eds.) Biotechnology vol. 6, 
chapter 14a. VCH: Weinheim). Additionally, these amino acids have been found to be 
30 useful as precursors for the synthesis of synthetic amino acids and proteins, such as N- 
acetylcysteine, S-carboxymethyl-L-cysteine, (S)-5-hydroxytryptophan, and others 
described in Ulmann's Encyclopedia of Industrial Chemistry, vol. A2. p. 57-97. VCH: 
Weinheim, 1985. 

The biosynthesis of these natural amino acids in organisms capable of 
35 producing them, such as bacteria, has been well characterized (for review of bactenal 
amino acid biosynthesis and regulation thereof, see Umbarger, H.E.(1978) Ann. Rev. 
Biochem. 47: 533-606). Glutamate is synthesized by the reductive animation of a- 
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ketoglutarate. an intermediate in the citric acid cycle. Glutamine. proline, and argmme 
are each subsequently produced from glutamate. The biosynthesis of senne is a three- 
step process beginning with 3-phosphoglycerate (an intermediate in glycolysis), and 
resulting in this amino acid after oxidation, transamination, and hydrolysis steps. Both 
5 cysteine and glycine are produced from serine; the former by the condensation of 
homocysteine with serine, and the latter by the transferal of the side-chain P-carbon 
atom to tetrahydrofolate. in a reaction catalyzed by serine transbydroxymethylase. 
Phenylalanine, and tyrosine are synthesized from the glycolytic and pentose phosphate 
pathway precursors erythrose 4-phosphate and phosphoenolpyruvate in a 9-step 
10 biosynthetic pathway that differ only at the final two steps after synthesis of prephenate. 
Tryptophan is also produced from these two initial molecules, but its synthesis is an 1 1- 
steppathway. Tyrosine may also be synthesized from phenyl alanine, in a reaction 
catalyzed by phenylalanine hydroxylase. Alanine, valine, and leucine arc all 
biosynthetic products of pyruvate, the final product of glycolysis. Aspartate is formed 
15 from oxaloacetic an intermediate of the citric acid cycle. Asparagine, methionine, 
threonine, and lysine are each produced by the conversion of aspartate. Isoleucine lS 
formed from threonine. A complex 9-step pathway results in the production of hisudme 
from 5-phosphoribosyl-l -pyrophosphate, an activated sugar. 

Amino acids in excess of the protein synthesis needs of the cell cannot be stored. 
20 and are instead degraded to provide intermediates for the major 

the cell (for review see Stiver. L. Biochemistry 3* ed. Ch. 21 "Amino Acid Degradation 
and the Urea Cycle" p. 495-5 1 6 (1 988)). Although the cell is able to convert unwanted 
amino acids into useful metabolic intermediates, amino acid production is costly « 
terms of energy, precursor molecules, and the enzymes necessary to synthesize therr, 
25 Thus it is not surprising that amino acid biosynthesis is regulated by feedback inhibition. - 
in -hich the presence of a particular amino acid serves to slow or entirely stop its ^n 
production (for overview of feedback mechanisms in amino actd biosyntiiet. pathways, 
see Stryer L Biochemistry. 3 rf ed. Ch. 24: "Biosynthesis of Amino Acids and Heme p. 
575-600 0988)). Thus, the output of any particular amino acid is limited by the amount 
30 of that amino acid present in the cell. 

B ruamm. Cefaclor and Nutraceuncal Metabolism and Uses 

Vitamins, cofactors. and nutraceuticals comprise another group of ™^ 
which the higher animals have lost the ability to synthesize and >°™*^>*^ 
35 they are readily synthesized by other organisms such as bacteria. These molecules are 
cither bioactive substances themselves, or are precursors of biologically active 
substances which may serve as electron carriers or intermediates in a vanety of 



10- 



metabolic pathways. Aside from their nutritive value, these compounds also have 
significant industrial value as coloring agents, antioxidants, and catalysts or other 

1 processing aids, (For an overview of the structure, activity, and industrial applications 
of these compounds, see. for example. UUman's Encyclopedia of Industrial Chemistry. 

5 "Vitamins" vol. A27. p. 443-613. VCH: Weinheim. 1996.) The term "vitamin is art- 
recognized, and includes nutrients which arc required by an organism for normal 
functioning, but Which that organism cannot synthesize by itself. The group of vitamins 
may encompass cofactors and nutra^utical compounds. The language "cofactor" 

includes nonproteinaceous compounds required for a normal enzymatic activity to 
10 occur. Such compounds may be organic or inorganic: the cofactor molecules of the 

invention are preferably organic. The term "nutraccuticaT includes dietary supplements 
having health benefits in plants and animals, particularly humans. Examples of such 
molecules are vitamins, antioxidants, and also certain lipids (e.g., polyxinsaturated fatty 

acids). > • 

15 The biosynthesis of these molecules in organisms capable of producing them, 

such as bacteria, has been largely characterized (UUman's Encyclopedia of Industrial ^ 
. Chemistry. "Vitamins" vol. A27. p. 443-613. VCH: Weinheim. 1996; Michal. G. (1999) 
Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology. John Wrfey 
& Sons; Ong. A.S.. Niki, E. & Packer, L. (1995) "Nutrition. Lipids. Health, and 
20 Disease" Proceedings of the UNESCO/Confederation of Scientific and Technological 
Associations in Malaysia, and the Society for Free Radical Research - Asia, held Sept. 
1-3 1994 at Penang, Malaysia. AOCS Press: Champaign, ILX, 374 S). 

Thiamin (vitamin B.) is produced by the chemical coupling of pynmidme and 
thiazole moieties. Riboflavin (vitamin B 2 ) is synthesized from guanosine- 5 '-triphosphate 
25 (GTP) and ribose- 5 --phosphate. Riboflavin, in turn, is utilized for the synthesis of flavin 
mononucleotide (FMN) and flavin adenine dinucleotide (FAD). The family of 
compounds collectively termed 'vitamin Be" (e.g.. pyridoxin, pyndoxamine. pyndoxa- 
S'-phosphate. and the commercially used pyridoxin hydrochloride) are all denies of 

• the common structural unit 5-hydrox y -6-methylpyridine. Pantothenate (pantothenic 
30 acid^H^-N^^-dihydxo^^-dimethyl-VoxobutylVp-alanine) can be produced 

either by chemical synthesis or by fermentation. The final steps in pantothenate 
biosynthesis consist of the ATP-driven condensation of Manine and pantoic aad The 

• enzymes responsible for the biosynthesis steps for the conversion to pantoic acid to p- 
alanine and for the condensation to panthotenic acid are known. The metabohcal y 

enzymatic steps. Pantothenate, pyridoxal-5'-phosphate. cysteine and ATP are the 
precursors of Coenzyme A. These enzymes not only catalyze the formats of 
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panthothante, but also the production of (R>pantok acid rR) M H 
panthenoHprovitaminBO nant^t^- , \* ^ W-pantolacton, (R)- 

Bintin . n f 5) ' P 3 ^^^ ^nd ,ts derivatives) an d coenzyme a ' 
B.otm b.osynthesis from ^ precursor pimcloyI . Co Tl 
m.croorgamsms hasbeen studied in detail and several 0 f the J , 
5 identified. Many of the corrPct, rt w geneS inv ° ,v ed have been 
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c ^"°'*f™ch as ft, cobalami.es and partcutolvviLi^B , , 
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motcty that nucleotides possess. By inhibiting the biosynthesis of these molecules or 
their mobilization to form nucleic acid molecules, it is possible to inhibit RNA and DNA 
synthesis: by inhibiting this activity in a fashion targeted to cancerous cells, the ability 
of tumor cells to divide and replicate may be inhibited. Additionally, there are 
5 nucleotides which may serve as energy stores (e.g.. ADP. ATP) or as coenzymes (i.e 
FAD and NAD). 

Several publications have described the use of these chemicals for these medical 
indications, by influencing purine and/or pyrimidine metabolism (e.g. Christopherson 
R.l. and Lyons. S.D. (1990) "Potent inhibitors of do novo pyrimidine and purine 
10 biosynthesis as chemotherapeutic agents." Med Res Reviews 10: 505-548). Studiesof 
enzymes involved in purine and pyrimidine metabolism have been focused on the 
development ofnew drugs which can be used, for example, as immunosuppressants or 
anu-proliferams {Smith. J.L.. (1995) "Enzymes in nucleotide synthesis." Curr Opin 
Struct. Biol 5: 752-757; (1995) Biochem Sac. Transact. 23: 877-902). However, purine 
15 and pyrimidine bases, nucleosides and nucleotides have other utilities: as intermediates 
m the biosynthesis of several fine chemicals (e.g.. thiamine. S-adenosyl-methionine, 
folates, or riboflavin), as energy carriers for the cell (e.g.. ATP or GTP), and for 
chemicals themselves, commonly used as flavor enhancers (e.g., IMP or GMP) or for 
several medicinal applications (see. for example. Kuninaka. A. (1 996) Nucleotides and 
20 Related Compounds in Biotechnology vol. 6. Rehm et at, eds, VCH: Wcinheim. p. 561 - 
61 2). Also, enzymes involved in purine, pyrimidine. nucleoside, or nucleotide 
metabolism arc increasingly serving as targets against which chemicals for crop 
protection, including fungicides, herbicides and insecticides, are developed. 

The metabolism of these compounds in bacteria has been characterized (for 
25 reviews see , for example. Zalkin, H. and Dixon, J.E. (1 992) "de novo purine nucleotide 
biosynthesis", in: Progress in Nucleic Acid Research and Molecular Bioloey. vol. 42. 
Academic Press:, p. 259-287 : and Michal, G. (1 999) "Nucleotides and Nucleosides". 
Chapter 8 in: Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology, 
Wiley: New York). Purine metabolism has been the subject of intensive research, and is 
30 essential to the normal functioning of the cell. Impaired purine metabolism in higher 
animals can cause severe disease, such as gout. Purine nucleotides are synthesized from 
ribose-5-phosphate, in a series of steps through the intermediate compound inosine-5*- ; 
phosphate (IMP), resulting in the production of guanosine-5'-monophosphate (GMP) or 
adenosine-5'-monophosphate (AMP), from which the triphosphate forms utilized as 
35 nucleotides arc readily formed. These compounds are also utilized as energy stores, so 
their degradation provides energy for many different biochemical processes in the cell. 
{ Pyrimidine biosynthesis proceeds by the formation of uridine-5 '-monophosphate (UMP) 
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from ribose-5-phosphate. UMP, in turn, is converted to cytidine-5 "-triphosphate (CTP). 
The deoxy- forms of all of these nucleotides are produced in a one step reduction 
reaction from the diphosphate ribose form of the nucleotide to the diphosphate 
deoxyribose form of the nucleotide. Upon phosphorylation, these molecules are able to 
5 participate in DNA synthesis. 

D. Trehalose Metabolism and Uses 

Trehalose consists of two glucose molecules, bound in a, a-Kl linkage. It is 
commonly used in the food industry as a sweetener, an additive for dried or frozen 
1 0 foods, and in beverages. However, it also has applications in the pharmaceutical, 

cosmetics and biotechnology industries (see, for example, Nishimoto et at. ( 1998) U.S. 
Patent No. 5.759.610; Singer, M.A. and Lindquist, S. (1998) Trends Biotech. 16: 460- 
467; Patva. C.L.A. and Panek. A.D. (1996) Biotech, Ann. Rev. 2: 293-314: and 
1 Shiosaka, M. (1997) J. Japan 1 72: 97-102). Trehalose is produced by enzymes from 
1 5 many microorganisms and is naturally released into the surrounding medium, from 
which it can be collected using methods known in the art. 

II. Elements and Methods of the Invention 

The present invention is based, at least in part, on the discovery of novel 
20 molecules, referred to herein as MCP nucleic acid molecules. These MCP nucleic acid 
molecules are useful not only for the identification of C glutamicum or related bacterial 
species, but also as markers for the mapping of the C. glutamicum genome and in the 
identification of bacteria useful for the production of fine chemicals by. e.g.. 
0 fermentative processes. The present invention is also based, at least in part, on the MCP 



25 protein molecules encoded by these MCP nucleic acid molecules. These MCP proteins 
are capable of modulating the yield, production, and/or efficiency of production of one 
or more Fine chemicals from C glutamicum. of serving as identifying markers for C. 
glutamicum or related organisms, of degrading hydrocarbons, and of serving as targets 
for the development of therapeutic pharmaceutical compounds. In one embodiment, the 
30 MCP molecules of the invention directly or indirectly participate in one or more fine 
chemical metabolic pathways in C glutamicum. In a preferred embodiment, the activity 
of the MCP molecules of the invention to indirectly or directly participate in such 
metabolic pathways has an impact on the production of a desired fine chemical by this 
microorganism. In a particularly preferred embodiment, the MCP molecules of the 
35 invention arc modulated in activity, such that the C glutamicum metabotic pathways in 
which the MCP proteins of the invention participate are modulated in efficiency or 
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manipulated such that its function is modulated. Such modulation of function may result 
in the modulation of the yield, production, and/or efficiency of production of one or 
more fine chemicals from C glutamicum. 

For example, by modifying the activity of a protein involved in the biosynthesis 
5 or degradation of a fine chemical (i.e., through mutagenesis of the corresponding gene), 
one may directly modulate the ability of the cell to synthesize or to degrade this 
compound, thereby modulating the yield and/or efficiency of production of the fine 
chemical. Similarly, by modulating the activity of a protein which regulates a fine 
chemical metabolic pathway, one may directly influence whether the production of the 
1 0 desired compound is up- or down-regulated, either of which will modulate the yield or 
^ efficiency of production of the fine chemical from the cell. 

Indirect modulation of fine chemical production may also result by modifying 
the activity of a protein of the invention (i.e., by mutagenesis of the corresponding gene) 
such that the overall ability of the cell to grow and divide or to remain viable and 
J 5 productive is increased. The production of fine chemicals from C glutamicum is 

generally accomplished by the large-scale fermentative culture of these microorganisms, 
conditions which are frequently suboptimal for growth and cell division. By 
engineering a protein of the invention (e.g.. a stress response protein, a cell wall protein, 
or proteins involved in the metabolism of compounds necessary for cell growth and 
20 division to occur, such as nucleotides and amino acids) such that it is better able to 
survive, grow, and multiply in such conditions, it may be possible to increase the 
number and productivity of such engineered C glutamicum cells in large-scale culture.- 
which in turn should result in increased yields and/or efficiency of production of one or 
J more desired fine chemicals. Further, the metabolic pathways of any cell are necessarily 
$ 25 interrelated and coregulated. By altering the activity or regulation of any one metabolic 
pathway in C glutamicum (i.e.. by altering the activity of one of the proteins of the 
invention which participates in such a pathway), it is possible to concomitantly alter the 
activity or regulation of other metabolic pathways in this microorganism, which may be 
directly involved in the synthesis or degradation of a fine chemical. 
30 The isolated nucleic acid sequences of the invention are contained within the 

genome of a Corynebacterium glutamicum strain available through the American Type 
Culture Collection, given designation ATCC 13032. The nucleotide sequences of the 
isolated C glutamicum MCP nucleic acid molecules and the predicted amino acid 
sequences of the C glutamicum MCP proteins arc shown in Appendices A and B. 
35 respectively. Computational analyses were performed which classified and/or identified 
many of these nucleotide sequences as sequences having homology to £. coli or Bacillus 
subtilis genes. 
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The present invention also pertains to proteins which have an amino acid 
sequence which is substantially homologous to an amino acid sequence of Appendix B. 
As used herein, a protein which has an amino acid sequence which is substantially 
homologous to a selected amino acid sequence is least about 50% homologous to the 
5 selected amino acid sequence, e.g., the entire selected amino acid sequence. A protein 
which has an amino acid sequence which is substantially homologous to a selected 
amino acid sequence can also be least about 50-60%, preferably at least about 60-70%, 
and more preferably at least about 70-80%. 80-90%. or 90-95%. and most preferably at 
least about 96%, 97%. 98%. 99% or more homologous to the selected amino acid 
10 sequence. 

The MCP protein or a biologically active portion or fragment thereof of the 
invention is able to modulate the yield, production, and/or efficiency of production of 
one or more fine chemicals from C glutamicum* to degrade hydrocarbons, to oxidize 
terpenoids, to serve as a target for drug development, or to serve as an identifying * 
1 5 marker for C. glutamicum or related organisms. 

Various aspects of the invention are described in further detail in the following 
subsections: 

A. Isolated Nucleic Acid Molecules 
20 One aspect of the invention pertains to isolated nucleic acid molecule* that 

encode MCP polypeptides or biologically active portions thereof, as well as nucleic acid 
fragments sufficient for use as hybridization probes or primers for the identification or 
amplification of MCP-encoding nucleic acid (e.g.. MCP DNA). These nucleic acid 
\ molecules may be used to identify C glutamicum or related organisms, to map the 
25 genome of C glutamicum or closely related bacteria, or to identify microorganisms 
useful for the production of fine chemicals, e.g.. by fermentative processes. As used 
herein, the term "nucleic acid molecule" is intended to include DNA molecules (e.g.. 
cDNA or genomic DNA) and RNA molecules (e.g., mRNA) and analogs of the DNA or 
RNA generated using nucleotide analogs. This term also encompasses untranslated 
30 sequence located at both the 3 % and 5 % ends of the coding region of the gene: at least 
about 1 00 nucleotides of sequence upstream from the 5 % end of the coding region and at 
least about 20 nucleotides of sequence downstream from the 3'end of the coding region 
of the gene. The nucleic acid molecule can be single-stranded or double-stranded, but 
preferably is double-stranded DNA. An "isolated" nucleic acid molecule is one which is 
35 separated from other nucleic acid molecules which are present in the natural source of 
the nucleic acid. Preferably, an "isolated" nucleic acid is free of sequences which 
> naturally flank the nucleic acid (i.e.. sequences located at the 5' and 3' ends of the 
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nucleic acid) in the genomic DNA of the organism from which the nucleic acid is 
derived. For example, in various embodiments, the isolated MCP nucleic acid molecule 
can contain less than about 5 kb. 4Jcb. 3kb. 2kb. 1 kb. 0.5 kb or 0.1 kb of nucleotide 
sequences which naturally flank the nucleic acid molecule in genomic DNA of the cell 
from which the nucleic acid is derived (e.g. a C glutamicum cell). Moreover, an 
"isolated" nucleic acid molecule, such as a cDNA molecule, can be substantially free of 
other cellular material, or culture medium when produced by recombinant techniques, or 
chemical precursors or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g.. a nucleic acid molecule 
having a nucleotide sequence of Appendix A. or a portion thereof, can be isolated using 
standard molecular biology techniques and the sequence information provided herein. 
For example, a C glutamicum MCP cDNA can be isolated from a C. glutamicum library 
using all or portion of one of the sequences of Appendix A as a hybridization probe and 
standard hybridization techniques (e.g.. as described in Sambrook. J.. Fritsh. £. F., and 
Maniatis. T. Molecular Cloning, A Laboratory Manual. 2nd. ed. Cold Spring Harbor . 
Laboratory, Cold Spring Harbor Laboratory; Press, Cold Spring Harbor. NY. 1 989). 
Moreover, a nucleic acid molecule encompassing all or a portion of one of the sequences 
of Appendix A can be isolated by the polymerase chain reaction using oligonucleotide 
primers designed based upon this sequence (e.g.. a nucleic acid molecule encompassing 
all or a portion of one of the sequences of Appendix A can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon this same sequence of 
Appendix A). For example, mRNA can be isolated from normal endothelial cells (e.g.. . 
by the guanldinium-thiocyanate extraction procedure of Chirgwin et al. (1 979) 
Biochemistry 1 8: 5294-5299) and cDNA can be prepared using reverse transcriptase 
(e.g.. Moloney MLV reverse transcriptase, available from Gibco/BRL. Bethesda. MD; 
or AMV reverse transcriptase, available from SeikagoJcu America, Inc.. St. Petersburg, 
FL) and random polynucleotide primers or oligonucleotide primers based upon one of 
the nucleotide sequences shown in Appendix A. Synthetic oligonucleotide primers for 
polymerase chain reaction amplification can be designed based upon one of the 
nucleotide sequences shown in Appendix A. A nucleic acid of the invention can be 
amplified using cDNA or. alternatively, genomic DNA. as a template and appropriate 
oligonucleotide primers according to standard PCR amplification techniques. The 
nucleic acid so amplified can be cloned into an appropriate vector and characterized by 
DNA sequence analysis. Furthermore, oligonucleotides corresponding to an MCP 
nucleotide sequence can be prepared by standard synthetic techniques, e.g., using an 
automated DNA synthesizer. 
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nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to one 
of the nucleotide sequences shown in Appendix A; or a portion thereof. 

Moreover, the nucleic acid molecule of the invention can comprise only a 
portion of the coding region of one of the sequences in Appendix A. for example a 
fragment which can be used as a probe or primer or a fragment encoding a biologically 
.active portion of an MCP protein. The nucleotide sequences determined from the 
cloning of the MCP genes from C glulamicum allows for the generation of probes and 
primers designed for use in identifying and/or cloning MCP homologues in other cell 
typ*s and organisms, as well as MCP homologues from other Corynebacteria or related 
species. The probe/primer typically comprises substantially purified oligonucleotide. ^ 
The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes 
under stringent conditions to at least about ) 2. preferably about 25. more preferably 
about 40 50 or 75 consecutive nucleotides of a sense strand of one of the sequences set 
forth in Appendix A. an anti-sense sequence of one of the sequences set forth in 
Appendix A. or naturally occurring mutants thereof. Primers based on a nucleotide 
sequence of Appendix A can be used in PCR reactions to clone MCP homologues, 
Probes based on the MCP nucleotide sequences can be used to detect transenpts or , 
genomic sequences encoding the same or homologous proteins. In preferred . 
embodiments, the probe further comprises a label group attached thereto. e.g. the label 
group can be a radioisotope, a fluorescent compound, an enzyme or an enzyme co- 
Zo, Such probes can be used as a part of a diagnostic test kit for identifying cdU 
which misexpress an MCP protein, such as by measuring a level of an «^»*°» 
nucleic acid in a sample of cells, e.g., detecting MCP mRNA levels or determining 
whether a genomic MCP gene has been mutated or deleted. 

In one embodiment/the nucleic acid molecule of the invention encodes a protem 
or portion thereof which includes an amino acid sequence which is sufficiently 
homoToTo- to an amino acid sequence of Appendix B sucMhaUhe pro*m or ponion 
th^f maintains the ability to modulate the yield, production, and/or efficiency of 
^Woneormo^^ 
, Lxidize terpenoids, to ^ 
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T„ another embodiment the protein is « least about 50-60%, profcrably m least 
about 60-70%, and more preferaMy a, .east about 70-80%. 80-90%. 90-05%. and ^nos 
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In addition to naturally-occurring variants of the MCP sequence that may exist in 
the population, the skilled artisan will further appreciate that changes can be introduced 
by mutation into a nucleotide sequence of Appendix A, thereby leading to changes in the 
amino acid sequence of the encoded MCP protein, without altering the functional ability 
5 of the MCP protein. For example, nucleotide substitutions leading to amino acid 
substitutions at "non-essential" amino acid residues can be made in a sequence of 
Appendix A. A "non-essential" amino acid residue is a residue that can be altered from 
the wild-type sequence of one of the MCP proteins (Appendix B) without altering the 
activity of said MCP protein, whereas an "essential" amino acid residue is required for 
10 MCP protein activity. Other amino acid residues, however, (e.g., those that arc not 
conserved or only semi-conserved in the domain having MCP activity) may not be 
essential for activity and thus are likely to be amenable to alteration without altering 
MCP activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 

1 5 encoding MCP proteins thai contain changes in amino acid residues that are not essential 
for MCP activity. Such MCP proteins differ in amino acid sequence from a sequence . 
, contained in Appendix B yet retain at least one of the MCP activities described herein. 
In one embodiment, the isolated nucleic acid moleculecomprises a nucleotide sequence 
encoding a protein, wherein the protein comprises an amino acid sequence at least about 

20 50% homologous to an amino acid sequence of Appendix Band is able to modulate the 
yield, production, and/or efficiency of production of one or more fine chemicals from C 
glutamicum, to degrade hydrocarbons, to oxidize terpenoids, to serve as a target for drug 
development, or, to serve as an identifying marker for C glutamicum or related 
organisms. Preferably, the protein encoded by the nucleic acid molecule is at least about 

.25 50-60% homologous to one of the sequences in Appendix B, more preferably at least 
about 60-70% homologous to one of the sequences in Appendix B, even more 
preferably at least about 70-80%, 80-90%, 90-95% homologous to one of the sequences 
in Appendix B, and most preferably at least about 96%, 97%, 98%, or 99% homologous 
to one of the sequences in Appendix B. 

30 To determine the percent homology of two amino acid sequences (e.g., one of 

the sequences of Appendix B and a mutant form thereof) or of two nucleic acids, the 
sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in 
the sequence of one protein or nucleic acid for optimal alignment with the other protein 
or nucleic acid). The amino acid residues or nucleotides at corresponding amino acid 

35 positions or nucleotide positions are then compared. When a position in one sequence 
(e.g., one of the sequences of Appendix B) is occupied by the same amino acid residue 
or nucleotide as the corresponding position in the other sequence (e.g.. a mutant form of 
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the sequence selected from Appendix B), then the molecules are homologous at that 
position (i.e.. as used herein amino acid or nucleic acid "homology" is equivalent to 
amino acid or nucleic acid "identity"). The percent homology between the two 
sequences is a function of the number of identical positions shared by the sequences 
5 (i.e., % homology = * of identical positions/total # of positions x 1 00). 

An isolated nucleic acid molecule encoding an MCP protein homologous to a 
protein sequence of Appendix B can be created by introducing one or more nucleotide 
substitutions, additions or deletions into a nucleotide sequence of Appendix A such that 
one or more amino acid substitutions, additions or deletions are introduced into the 
1 0 encoded protein. Mutations can be introduced into one of the sequences of Appendix A 
by standard techniques, such as site-directed mutagenesis and PCR-mediated 
mutagenesis. Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a 
1 5 similar side chain. Families of amino acid residues having similar side chains have been 
defined in the art. These families include amino acids with basic side chains (e.g.. 
lysine, arginine. histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine. glutamine. serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
20 proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 

threonine, valine, isoleucine) and aromatic side chains (e.g.. tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in an MCP 
protein is preferably replaced with another amino acid residue from the same side chain 
family. Alternatively, in another embodiment, mutations can be introduced randomly 
25 ' along all or part of an MCP coding sequence, such as by saturation mutagenesis, and the 
resultant mutants can be screened for ah MCP activity described herein to identify 
mutants that retain MCP activity. Following mutagenesis of one of the sequences of 
Appendix A, the encoded protein can be expressed recombiuantly and the activity of the 
protein can be determined using, for example, assays described herein (see Example 8 of 

30 the Exemplification). 

In addition to the nucleic acid molecules encoding MCP proteins described 

above, another aspect of the invention pertains to isolated nucleic acid molecules which 
are antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence 
which is complementary to a "sense" nucleic acid encoding a protein, e.g., 
35 complementary to the coding strand of a double-stranded cDN A molecule or 

complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
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complementary to an entire MCP coding strand, or to only a portion thereof. In one 
embodiment an antisense nucleic acid molecule is antisense to a "coding region" o: the 
coding strand of a nucleotide sequence encoding an MCP protein. The term "coding 
region" refers to the region of the nucleotide sequence comprising codons which are 
5 translated into amino acid residues (e.g., the entire coding region of SEQ ID RXAOO0O3 
comprises nucleotides 1 to 741 ). In another embodiment, the antisense nucleic acid 
molecule is antisense to a "noncoding region" of the coding strand of a nucleotide 
sequence encoding MCP. The term "noncoding region" refers to 5* and 3 % sequences 
which flank the coding region that are not translated into amino acids (i.e.. also refe-td 

10 to as 5* and 3* untranslated regions). 

Given the coding strand sequences encoding MCP disclosed herein (e.g., the 
sequences set forth in Appendix A), antisense nucleic acids of the invention can be 
designed according to the rules of Watson and Crick base pairing. The antisense nuckic 
acid molecule can be complementary to the entire coding region of MCP mRNA. bu* 

15 more preferably is an oligonucleotide which is antisense to only a portion of the coding 
or noncoding region of MCP mRNA. For example, the antisense oligonucleotide cac/be 
complementary to the region surrounding the translation start site of MCP mRNA. An 
antisense oligonucleotide can be, for example, about 5. 10. 15, 20, 25. 30. 35, 40, 45 :*r 
50 nucleotides in length. An antisense nucleic acid of the invention can be constructed 

20 by chemical synthesis and enzymatic ligation reactions using procedures known in the 
art. For example, an antisense nucleic acid (e.g., an antisense oligonucleotide) can be 
chemically synthesized using naturally occurring nucleotides or variously modified 
nucleotides designed to increase the biological stability of the molecules or to increase 
the physical stability of the duplex formed between the antisense and sense nucleic 

25 acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be 
used. Examples of modified nucleotides which can be used to generate the anti^en^r 
nucleic acid include 5-fluorouraciL 5-bromouracil, 5-chlorouraciL 5-iodouraciL 
hypoxanthinc, xanthine. 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil. 5- 
carboxymethylaminomethyl-2-thiouridine. 5-carbox>-methylaminomethyluracil. 

30 dihydrouracil, beta-D-galactosylqueosine, inosine. N6-isopentenyladenine. 1- 
methylguanine, 1 -methylinosine. 2,2-dimethylguanine. 2-methyladenine. 2- 
methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adcnine. 7-methylguanine. 5- - 
methylaminomethyluracil, 5-raethoxyaminomethyl-2-thiouracil, beta-D- 
mannosylqueosine. 5-methoxycarboxymethyluracil. 5-methoxyuracil, 2-methylthio-N6- 

35 isopentenyladenine, uracil-5-oxyacetic acid (v) % wybutoxosine. pseudouracil, queosin-, 
2-thiocytosine y 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracii, 5-methyluxacil. uraci>5- 
oxyacetic acid methylester, uracil-5-oxyacetic acid (v\ 5-methyl-2-thiouracil, 3-(3- 
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loaceUorgenera^u^ 

pnNcm. e.g.. by mlub, mg Banscnpt on ^ 
convene, - WA duplexes, tough 

s^untureeon^ofaeubacurial. 
which the antisense nucleic acid molecule is piaceu 

^'^^otieProm^preto^ OTnM Wc aci a m o.«cul« of ft. invention 

h yet another OT ^^ e ™^ 0 .„ ottleric nuc ,eio aeid molecule tan. 
is an a -anomenc nuele.c ac>d molecule. An^ ^ w ^ 

specific double-stranded hybrids .«* .-l*-^,- J" , ^ ^ 

te . ,5:662,-664,). The ^^g^wxW or a 
5 m=4ytaWeo6de(Ino«e«tA(198W.^ J15;327 . 330 ). 
chimeric SNA-DNA ^eic acid of 4. invention U a 

h stil. another "^^molecules eft* ribonudease aetivity .vhieh are 
ribo2 yme. Wholes ""^^V, such as an mP»A. » which they 
capable of ctamng a smgle-stranded nuelcnc _ ribozymcs 

„ have a comp lmraW region- ^^re 334:585-59,), ean be used «o 

caralytically eleaye MCP * A t ™ 1 ™' M CP-encoding nucleic acid ean be 
mR NA. A ribozyme having spee.ncuy for 8 fi ^ 

dBig »ed based upon .he nucleotide T^^j£™^>M 1VS 

35 RXA00003 in Appendix A). For example. ^ ^ site . 

p^A can he constructed in which the nucleohde MCP . cncoding mBKA. 

complement «o the nucleotide sequence to be deavco , 



c r ri, * al U S Patent No. 4,987.071 and Ccch ft al. U.S. Patent No. 

Sec. e.g., Cech et al U.S. ^ , catalytic rha having a 

5 116.742. Alternatively, MCPmRN a canoe 

specific ribonuclease activity from a pool of RNA molecules. See. e.g.. Bartel, D. 

Szostak, J.W. (1993) Science 261:1*1 1-H18. _ nuc leotidc - 

* u^tivclV MCP ecne expression can be inhibited by targeting n 
Alternatively, m\-r ^ urp _„ P i cot ide seauence (e.g., 

36- and Maher, L.J. (1 992) Bioassays 14(12):807-15. 

B Recombinant Expression Vectors and Host Ce«s _ 

used herein, the term vector relerstoanu Afvecto r is a -plasmid". 

which refers to a circular double stranded A loop actional 
se OT enrs can betigated. ^errypoof vecbarrs.^-^^-" > 

autonomous replication rn a host coll into whrcb <f* mamma llan vectors). Other 

vectors bavin, a bacteria, origin ^.ZTthe genome of. host' 

vectors (e.g.. non-episoma, ma— ^^^fa* along w«h the bos, 
eclt upon introduction into Ure host cell. expression of genes to 

genome. Moreover, certain vectors are capable of P 

vectors". In genenil.ocpress.on vectors ofut. "» . . Blasm id- and "vector" can 
often in'urefonn of plasmids. '"^^'^^"^ form of vector. 

However, the invenbon « rntended to . ^ ^ ^ adeno . 

10 such as viral vectors (e.g.. rephcanon defectrve re 

associated viruses), which serve comprise a nucleic acid of 

the invention in a fbnn surtable for «P« S *^ re ^ al0I y 
meausttatUrerecombin^evp^^^ 
35 sequences, selected on Ure basis of the host cel. to* £ 

expression vector, "operably linked is intended 
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interest is linked to the regulatory sequcncc(s) in a manner which allows for expression 
of the nucleotide sequence (e.g.. in an in vitro transcription/translation system or in a 
host celt when the vector is introduced into the host cell). The term "regulatory 
sequence" is intended to include promoters, repressor binding sites, activator binding , 
sites, enhancer regions and other expression control elements (e.g.. terminators, other 
elements of mKNA secondary structure, or polyadenylation signals). Such regulatory 
sequences are described, for example, in Goeddel; Gene Expression Technology: 
Methods inEnzymology 185. Academic Press. San Diego, CA(1990>. Regulatory • 
sequences include those which direct constitutive expression of a nucleotide sequence in 
many types of host cell and those which direct expression of the nucleotide sequence 
only in certain host cells. It will be appreciated by those skilled in the art that the design 
of the expression vector can depend on such factors as the choice of the host cell to 'be 
transformed, the level of expression of protein desired, etc. The expression vectors of 
the invention can be introduced into host cells to thereby produce proteins or peptides. 
15 including fusion proteins or peptides, encoded by nucleic acids as described herein (e.g.. 
MCP proteins, mutant forms of MCP proteins, fusion proteins, etc.). 

The recombinant expression vectors of the invention can be designed for 
expression of MCP proteins in prokaryotic or eukaryotic cells. For example. MCP 
genes can be expressed in bacterial cells such as C glutamic insect cells (using 
20 baculovirus expression vectors), yeast and other fungal cells (see Romanes, M A. et al. 
(1 992) "Foreign gene expression in yeast: a review". Yeast 8: 423-488: van den Hondcl. 
C A M J J et al. (1991) "Heterologous gene expression in filamentous fungi" in: More 
Gene Manipulations in Fungi. J-W. Bennet & L.L. Lasure, eds.. p. 396-128: Academic 
Press: San Diego: and van den Hondel. C.A.MJ.J. & Punt. PJ. (1991) "Gene transfer 
25 systems and vector development for filamentous fungi, in: Applied Molecular Genetics 
of Fungi. Peberdy. J.F. et al.. eds.. p. 1-28. Cambridge University Press: Cambndge). 
algae and multicellular plant cells (see Schmidt R. and Willmitzer. L. (1988) High 
efficiency Agrobactenum tumefactiens -mediated transformation of Arabidopsis 
thaliana leaf and cotvledon explants" Plant Cell Rep.: 583-586). or mammalian cells. 
30 Suitable host cells are discussed further in Goeddel, Gene Expression Technology: 

Methods in Enzymology 185. Academic Press. San Diego. CA (1990). Alternatively, the 
recombinant expression vector can be transcribed and translated m vf- 0j for example 
using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out with vectors 
35 containing constitutive or inducible promoters directing the expression of cither fusion 
or non-fusion proteins- Fusion vectors add a number of amino acids to a protein 
encoded-thcrein, usually to the amino terminus of the recombinant protein. Such fusion 
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„ moincreaseexpressionofrocombinamprotein; 
vectors typically serve three purposes. 1) to ™ ^ ,„ ^ ta to purification 
„ tti ^ te ^^'-^^ p i i6 «««. Often, in toon 
of the recombinant protein by acttng as a U g ^ ^ ^ n rf ^ ^ 
^ion vectors, a proteose « ^ rf the recombi „an, P ro«in 
moi ety and the recombinant proton ^o Suci ^e,. 
from the fusion moiety subsequent to punficano ^ ^ 

and their cognate recognition sequences, tnc (pharmacia Biotech Inc. Smith. 

Tvpica. fusion expression vecti* Englan0 Btal abs, Beverly. 
D^andJohnaon-^f^SI,^.^^ ,3.^ 
MA) and ptUTS (Phannaca. P .scalar**. ^ ) tQ thc ^et recombtnant 

(GST), maltose E binding protein. oTthe MCP protein is cloned into a 

protein, in one embodiment, tit. «*»^* , ^ protei „ comprising, from 
- PGEX expression vector to c^are a vectr^odmg^ ^ n _^ m 

fce N-temunus .0 the C-termmus. GST *^' ^rhione-agarose resin, 

15 protetitcanbepurificdbyatotycW^hyu^ ^ tefusi „„ 

RecombinantMCPproteinunfusedtoGSTcanber ^ 

protein with thrombin. f.,«i™ F cofi expression vectors include 

P Examples of suable inductble ^ d f S t«di« « al., G*«e 
pT rc (Asuann e, .... (198.) Ge~ «30M5V «■ ^ /^^s*, Diego. 
20 ^ i or.r,cW^-"^^^ mAepTre v^reU«sonho S t 

California (1990) 60-89). Targe. gene T^Ttata. promoter. Targetgene 
RNA polymerase tianscription from a hybnd^ ^ aT 7 gnlO-lac fusion 

expression from the pET ^ x 

' promotermediatedWacoexprossedv^t^ ^ Msi7 ^ E3U[omaresident x 

^ 25 ^^^^^^^^ 

^einmabostbaetenawimanrmp^-^P^^ ^ 
30 recnmbmantpro.em(Gottesr«n.S s Ge^ (iw i,w»*rf« 

strategy is to alter the nucletc acd sequence^ of w are ^ 

S Mpn 5ion vector so thatthe ^^Xcssion. such as C. 
pr-ferentiailyutil^dinmebacten^c^nfo P SuchalteraHon ofnuclc.ca=» 

sequences ofthe invention can be earn 



In another embodiment, the MCP protein expression vector is a yeast expression 
vector. Examples of vectors for expression in yeast 5 cerivisae include pYepSecl ' 
(Baldari, et al., (1987) Embo J. 6:229-234), pMFa (Kurjan and Herskowitz. (1982) Cell 
30:933-943). P JRY88 (Schultz et al.. (1987) Gene 54:1 13-123). andpYES2 (Invitrogen 
5 Corporation, San Diego. CA). Vectors and methods for the construction of vectors ~ 
appropriate for use in other fungi, such as the filamentous fungi, include those detailed 
in: van den Hondel. C.A.M.J.J. & Punt, P.J. (1 991 ) "Gene transfer systems and vector 
development for filamentous fungi, in: Applied Molecular Genetics of Fungi. J.F. 
Peberdy. et al.. eds., p. 1-28, Cambridge University Press: Cambridge. 
1 0 Alternatively, the MCP proteins of the invention can be expressed in insect cells 

using baculovirus expression vectors. Baculovirus vectors available for expression of 
proteins in cultured insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al. 
(1 983) Mol Cell Biol. 3 :2 1 56-2 1 65) and the pVL series (Luclclow and Summers (1 989) 
Virology 170:31-39). - 
15 In another embodiment the MCP proteins of the invention may be expressed in' 

unicellular plant cells (such as algae) or in plant cells from higher plants (e.g.. the 
spennatophytes. such as crop plants). Examples of plant expression vectors include 
those detailed in: Becker, D.. Kemper, E.. Schell, J. and Mastersott.' R. (1992) "New 
Plant binary vectors with selectable markers located proximal to the left border". Plant 
20 Mol. Biol. 20: 1 1 95- 1 1 97; and Bcvan. M.W. (1 984) "Binary AgrobacteHum vectors for 
plant transformation;', Nucl. Acid. Res. 12: 8711-8721. 

In yet another embodiment, a nucleic acid of the invention is expressed in 
mammalian cells using a mammalian expression vector. Examples of mammalian 
expression vectors include pCDM8 (Seed, B. (1 987) Nature 329:840) and pMT2PC 
25 (Kaufman et al. (1987) EMBO J, 6:187-195). When used in mammalian cells, the 
expression vector's control functions are often provided by viral regulatory elements. 
For example, commonly used promoters are derived from polyoma. Adenovirus 2. 
cytomegalovirus and Simian Virus 40. For other suitable expression systems for both 
prokaryotic and eukaryotic cells see chapters 16 and 1 7 of Sambrook. J.; Fritsh. E. F.. 
30 and Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd ed. Cold Spring 
Harbor Laboratory. Cold Spring Harbor Laboratory Press, Cold Spring Harbor. NY, 
1989. 

In another embodiment, the recombinant mammalian expression vector is 
capable of directing expression of the nucleic acid preferentially in a particular cell type 
35 (e.g.. tissue-specific regulatory elements are used to express the nucleic acid). Tissue- 
specific regiilatory elements are known in the art. Non-limiting examples of suitable 
tissue-specific promoters include the albumin promoter (liver-specific: Pinkert et al. 



0 987) Genes Dev 1 :268-277), lymphoid-specific promoters (Calame and Eaton (1988) 
Adv. Immunol 43 :235-275). in particular promoters of T cell receptors (Winoto and 
Baltimore (1989) ZMBOJ. 8:729-733) and immunoglobulins (Banerji et al. (1983) Cell 
33-729-740: Queen and Baltimore (1983) Cell 33:741-748). neuron-specific promoters , 

5 (e.g.. the neurofilament promoter; Byrne and Ruddle (1989) PNAS 86:5473-5477), 
pancreas-specific promoters (Edlund et at (1985) Science 230:912-916). and mammary 
gland-specific promoters (e.g.. milk whey promoter; U.S. Patent No. 4.873,3 1 6 and 
European Application Publication No. 264J 66). Developmcntally-regulated promoters 
are also encompassed, for example the murine hox promoters (Kcssel and Gruss (1<?90) 

0 Science 249:374-379) and the a-fetoprotein promoter (Campes and Tilghman (1989) 

Genes Dev. 3:537-546). 

The invention further provides a recombinant expression vector comprising a 
DNA molecule of the invention cloned into the expression vector in an antisense 
orientation. That is, the DNA molecule is operativcly linked to a regulatory sequence in 
5- a manner which allows for expression (by transcription of the DNA molecule) of an 
RNA molecule which is antisense to MCP mRNA. Regulatory sequences operatively 
linked to a nucleic acid cloned in the antisense orientation can be chosen which direct 
the continuous expression of the antisense RNA molecule in a variety of cell types, for 
instance viral promoters and/or enhancers, or regulatory sequences can be chosen wh,ch 
20 direct constitutive, tissue specific or cell type specific expression of antisense RNA. 
The antisense expression vector can be in the form of a recombinant plasmid, phagermd 
or attenuated virus in which antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell 
type into which the vector is introduced. For a discussion of the regulation of gene 
25 expression using antisense genes see Weintraub. H. et al. (1986) "Antisense RNA as a 
molecular tool for genetic analysis", Review - Trends in Genetics. Vol. 1 (1). 

* Another aspect of the invention pertains to host cells into which a recombinant 
expression vector of the invention has been introduced. The terms "hostceir and 
• recombinant host cell" are used interchangeably herein. It is understood that such 
30 terms refer not only to the particular subject cell but to the progeny or potential progeny 
of such a cell. Because certain modifications may occur in succeeding generations due 
to either mutation or environmental influences, such progeny may not, m fact, be . 
identical to the parent cell, but are still included within the scope of the term as used 

herein. . , t , 

,5 A host cell can be any prokaryotic or eukaryotic cell. For example, an MCP 

protein can be expressed in bacterial ce.ls auch as C. gtaanicum, insect cells- yeas, or 
■ Lnmalian cells (such as Chines, hamster ovrny cells (CHOI or COS cells). Other , 
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suitable host cells are known to those skilled in the art. Microorganisms related to 
Corynebactenum glutamicum which may be conveniently used as host cells for the" 
nucleic acid and protein molecules of the invention are set forth in Table 3. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells vj a 
conventional transformation or transfection techniques. As used herein, the terms 
"transformation", "transfection", "conjugation" and "transduction*- are intended to refer 
to a variety of art-recognized techniques for introducing foreign nucleic acid (e.g.. 
DNA) into a host cell, including using natural competence, chemical mediated transfer, 
calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated 
transfection, Iipofection. or electroporation. Suitable methods for transforming or 
transfecting host cells can be found in Sambrook. et al. {Molecular Cloning. A 
Laboratory Manual. 2nd. ed. Cold Spring Harbor Laboratory, Cold Spring Harbor 
Laboratory Press. Cold Spring Harbor. NY. 1989). and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In order to identify and select these ' 
integrants, a gene that encodes a selectable marker (e.g.. resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
selectable markers include those which confer resistance to drugs, such as G4 1 8, 
hygromycin and methotrexate. Nucleic acid encoding a selectable marker can be 
introduced into a host cell on the same vector as that encoding an MCP protein or can be 
introduced on a separate vector. Cells stably transfected with the introduced nucleic 
acid can be identified by. for example, drug selection (e.g.. cells that have incorporated 
the selectable marker gene will survive, while the other cells die). 

To create a homologous recombinant microorganism^a vector is prepared which 
contains at least a portion of an MCP gene into which a deletion, addition or substitution 
has been iptroduced to thereby alter, e.g., functionally disrupt, the MCP gene. 
Preferably, this MCP gene is a Coryne bacterium glutamicum MCP gene, but it can be a 
homologue from a related bacterium of even from a mammalian, yeast, or insect source. 
In a preferred embodiment, the vector is designed such that upon homologous 
recombination, the endogenous MCP gene is functionally disrupted (i.e.. no longer 
encodes a functional protein: also referred to as a "knock out" vector). Alternatively, 
the vector can be designed such that upon homologous recombination, the endogenous 
MCP gene is mutated or otherwise altered but still encodes functional protein (e.g.. the 
upstream regulatory region can be altered to thereby alter the expression of the 
endogenous MCP protein). In the homologous recombination vector, the altered portion 
of the MCP gene is flanked at its 5' and 3' ends by additional nucleic acid of the MCP 
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g cnc earned by the vector an an ^"^^ , homolo8ous 

^mbinabon wilh ^t'^ .see e. g .. W ^ 

systems are well known m the art. eukar y 0 tic host cell in 

A host cell ofthe invention, such as a prokatyotic or euKaryou 
5 A host ceu Mnress1 an MCP protein. Accordingly, the 

^^^^^^^^^^^^ 
mention n.rtner provides ^^^^^^^ 
the invention. Tn one embodiment the metnoa y in ^ 

20 . been indeed. cri,»~h.ch genome h« been 

c, altM MCP protein) in a suitable medmm unbl MO protein p ^ 
embodiment, the method further comprises isolating MCP proteins j 
tbe host cell. > 

25 C Isolated MCP Proteins c proteins, and 

• active portion thereof .5 substantially free « chemicals when 

recombinant DNA ^or ch^P^"^ ofce nu.ar material" includes 
30 chemically synmesized. The W y ^ ccllular components 

. pmpararions of MCP protein in which me «^ ,„ one embo diment. me 

P of L cells in -hichii is nahnally ^^^P^" of MCP protein 

ba vin g less than about 30-/. Cby dry £„, 20% of non-MCP protein. 

still moro preferably less man *»*«*£ScP protein * biologically active portion 
than about 5% non-MCP protem. When the Mr-r pro 
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medium, ie.. cuhure medium repre*,* >- ^"^e of use protein 
ab ou. ^.^mos.preferablyless.ta.bo^Wte^tam^ P^ 

preparauon. * language * £ < „ sepanttd ^ 

' — T„!TS22X in the synthesis 

chemical precursors or other chem.cn ^ sors or 

protein, to one embodimen, .he less tha „ about 30% (by 

other chemicals" includes preparations of ^ ^j;^ preferably lKS than 
4, weigh,, of chemical precursors or non^CP , J^W, less man 

10 abou. 20% chemical precursors" non-MCP chenu«U. s ^ ^ 

abou, 10% chemica. precursors or nou^CP = *™^T embodiments . 

! W^^--^*-*^ cnmamma»ngpm,einsfrom . 

microorganism such as C. gtammrcum. _ rftfB Mention is able to modulate 

An isolated MCPpmresn or a pomon ^of u, $ . . 

me yield, production, and/or efficency ° t0 scrve as a urge, 

from C to de^e uydrocarbon. «m »te -T ^ ^ ^ 

org anisms. In prefencd embodiment £ £T"£ „ ^ ^ ^ence of 
amino acid sequence which is sufScienuy l—*"""^ ^ „ mo dula«e the 
Appendix B such mat .he protein or portion *^"™ fiM c t OTic al s from C 

► development, or » serve as an identtfymg n«k« *C t tivcpwtionas 

described herein. In anomer preferred mbo ,„ yet another preferred 

has an amino acid sequence shown in ^f^^^^q^^og which ii encoded by a 
30 embodiment .he MCP protein has an conditions, to a 

nucleotide sequence of Appendix A. to *n ano^ J ^ ^ ^ „ 

, protemhasananunoacidsequencewhic^eueod ^ ore pref embly a. leas. abou. 70- 
Lt about 50*0%. Preferably a, leas, ^ 96% , „%. 98%. 99% 

35 80%. 80-90%, 90-95%. and even m °[f gg^ygnces of Appendix Bi The preferred 
or more homologous <o one of .he ^"'^ possess a. leas, one of .be MCP 
MCP proteins of the present invention also preferably p 
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, „ nr rfeTTed MCP protein of the present 
activities dwiWf* *<* * ' Jhtotide sequent which 

hybrids, eg., hybridizes under stringent «^*^^J <ffiehflcy of 

5 production of one or more fine ^ e1opfflent . or to serve as an 

to oxidize terpenoids, to serve as a target for drug p 

acid sequence o £p-ta B »4 «-» d(je „ ^ ™ ation 

,0 *^ s ^ ncMOfAP /^^.n^tsubsectionlabove. According!,, in another 
or mutagenesis, as desenbed in detail a subsec ^ c£ 

OTb odiment, the MCP protein is a protein which ^ » ™ „ ferably at 
wfeh is a. .east about 50-60%, preferab a. f ea^b out ^ 
■ ieaat about 70-80. 80-90. 90-95%, and most ~ g and which 

, Biologically acuve portions of an MCr pr_ _ m 
> ^^scquencoaderivad^fro^e^^-^^^ 
amino acid sequence shown in Appendix a or 
b omologous to an MCP protein, which include fewer am no c,ds * 
MCP protein or the fill length pro,«h is ^ ^ ^ 

exhibit at least one activity of an MCP protein. Typ y ^ ^ ? , „„_ 

50. ,00 _ more amino acid, in length) compn* ^ cfiveportjOTS , ta wtich o«h«r 
activity of an MCP protein, ^^"^ombult techniques and 

Preferably.thebiologicaliy 

evaluated for one or ^ ^"^ on£ „ „„„ sele ctod domains/motifs or 
30 active portions of an MCP protein in«- 

portion, Utereof having biolog,^^ ^ recomb *ant DNA techniques. For 
MCP proteins are preferably produced loned inlo an expression 

vtct or (as described above). the host «„. The MCP protein 

35 described above, and the MCP ««» ^on scheme using standard 

. cantobeisoU.edfi.mti.eco.Ubyan^ ^t expression, an MCP protan, 
protein purification techniques. Alternative . . , 



polypeptide, or peptide can b. synthesized chemically using standard peptide synthesis 

Moreover, native MCP protein =an bo isolated from "Us 
cell, bacterial cells, fungal cells or other cells,, for example ustng » -^H^ 
antibody, which can be produced by standard techniques uftong an MCP protcm o r 
fragment thereof of this invention. 

The invention also provides MCP chimeric or fusion protcm, As used herem. 
„ MCP -chtaeric protein" or -fusion protein- comprises an MCP V**** 
operartvelyhnkedto a non-MCP polypeptide. An "MCP po.ypep«de 
poiypeptide having an amino acid sequence correspond to an MCT pro^m whereas 
-JoMCP polypeptide" refers to a polypeptide having an ammo acd sequence 

g ^n which is different horn me MCP protein and wbich is denved M 
s^e or a different orsanism. Within the fusion pro**, the term -opetanvely hnked ts 
Zded to indicate that the MCP polypeptide and the non-MCP polypept.de am fu«d 
n frame I Lh outer. The non-MCP polypeptide can be fused to the N-terromus or O 

"irf ^CP polypeptide. ^^a^-W-^ 
is a OST-MCP fusion protein in which the MCP sequences are fused to the C tennmus 
of the GST sequences. Such fusion pnrtdns can f^mepunfi auon of 
recombinant MCP protein, In another embodiment. *c toon .^^^ ^ 
protein containing a heterologous signal sequence at tts N-mrrmnn, In '«tam h °« 
rrntammali^hos, cells, bacterial host cell, fhngai ho« ceUs). express an*or 
secretion of an MCP protein can be increased through use of a heterologous signal 

^"'proferably an MCP chimeric or fusion protein of the invention is produced* 
5 s^ard"— DKA technique, For examp,e. DNA *° 

Mtemadvdy.PCRampUHcafion of gene ^^T^^uve gene 
primers wbich give rise to -v-^S- - » « 

fragments which can *^ ^ AusuW 

35 gene sequence (see. for example. Current Frotoc ^ commercially 

rtal. John Wilebr dt Sons: .992). Moreover^ AnMCP- 
■ available that already encode a fusion morety (e.g.. a GST po ly pepn 
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Wng nuc,eic acid can be Coned into such an cession vector such «h» the maion 

acuvityofthe MCP protein. An agon* of 4. An antagonist of the 
^ or , subse, of the bio.ogical ^oceu^ mrm of 

„CP protein can inhibit one '^J^T^, . do or upstteam 

0 member of a btochemtcal pathway whtonmciu . „ c, be identified 

v by screening cornbinatona, ''^"^ In one embodiment a vanegaKd . 

15 level and is encoded by a variegated gene library. 6 . . haic 

an be produced by. for example, emrym*ically ligating a mixtum of syn*enc 

fusion proteins (eg., for phage display) conoBuns of ootcntial MCP 

ho mologues from a ^-te «^e = ^ Md te 
degenerate gene sequence can be perform*, tn an automa degOTera ,e 
synthetic gene then .igated into an ^^ "^ ^ encoding 
s« of genes allows for the provision, in one mixture, of all of fteseq 

198:1056:lkeetal.(1983)»cfeic^cWKeJ. Hi'* 77 - - 

30 ^ateavaiiegatedpop^^ 

sequence fragments ~J£^*J£JL*» wherein nicxing occur, only 
MCP coding sequence with a nuclease unoer .^auring the DMA to 

nicked products, removing single ^ nded u ^°.^ fraement Ubrary ^ ^ expression 
treatment with St nuclease, and ligating the resultmg fragment horary in 
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i0 n Ubniy can b, derived which encodes N-t«m»al. 

vector. By^^^^T^^of^eMCPproTen, 
C-rerminal and internal fragments o< ptoducts of 

Several mchniques are known » *J« •» ^ fe ^ , cDNA . 

^binamrral liberies nmdc Such techniques are adapublc for 

ubrariesforg^F^^'^X J combmmorim mumgenesis of 
^ scmening of rhe gene library ^ ^ „ M ^ 

MCP homology The most widdyvsed ^ ^ cloninft 4* 

toogn-pnaanaiysis.foracre^mgl^^ 1 ^^t*** 
g ene librae, into replicable cwnbin a t orial genes under conditions ur 

.0 ' 



^nngUbraiy ofvecrors.andexpre^ , tadMoftovecwt encoding rhe gene 

v,bich detection of a desired rouJageMsis (REM), a new rechnique 
wh osa product was de^rrei ^ in te ataxies, canbe used in 

which enhances the frequency _ ^ MCp honlologues tAlkin and 

15 Yourvan C l" 2 ) riV ^" v J ^ 

. 6(3)-327-33U. , ~,i based assays canb< explored » anmyze a 

In another embodiment, cell basea assay 
inanomer known in the a«. 

■• variegated MCP library, using methods well an 

, 0 a Uses and Mvho**/'*'™™ 0 ^ homolosues , fusion proteins. 

The nuc!eic add molecules, pr«^P»-n ^ ^ om m ^ ofte 

primers, veemrs. and hosr ceUs ^ organisms; mapping of 

. Lowing methods: identification . of *+~%~itci^ and localization of C 

genomes of Organisms relared to C s"?'^ es; dererminarion of MCP promin 
k, 5 g/aromicw* sequences of interest; ^™°»**£ f mo dulation of the 

activity of one or more metabouc p j 

desn^ compound, auch as a fi» ctoueaL ^ ^ a ^ „f uses. First. 
The MCP nucleic acid molecules c ^„ si<lcKri „ s w«» or a 

30 mey mnybe ^ » ''^f ^7idenSfy the presence of C. al- 

dose relative .hereof. ^•^ ym ^"7 mictooIg amsms. The invention provrdes 
« a relative thereof in a mixed popu^on of m^ ^ ^ ^ ^ 
^nucleic acid sequences of a numb* _ _* Ucul ^ ofa „ ni ,ueormi*=d 
^reun; by probing me ea«c«d ge nomK DN ^ ^ ^ , ^ 

35 popuWonofmicroo^-^^^ ^^ascerumwhemer 

this organism is present- a*u« &~ 



-38- 

nonpathogenic. it is related to pathogenic species, such as Cory ne bacterium diphtherial 
Detection of such organisms is of significant clinical relevance. 

To detect the presence of C glutamicum in a sample, techniques well known in 
the art may be employed. Specifically, the cells in the sample may optionally first be 
5 cultured in a suitable liquid or on a suitable solid culture medium to increase the number 
of cells in the sample. These cells are lysed, and the total DN A content extracted and 
optionally purified to remove debris and protein material which may interfere with 
subsequent analysis. The polymerase chain reaction or a similar technique known in the 
art is performed (for general reference on methodologies commonly used for the 
0 amplification of nucleic acid sequences, see Mullis et at. ? U.S. Patent No. 4,683,195. 
Mullis et al.. U.S. Patent No. 4,965 J 88. and Innis, M.A., and Gelfand. D. H.. (1 989) 
PCR Protocols* A guide to Methods and Applications, Academic Press, p. 3-12. and 
(1 988) Biotechnology 6: 1 1 97. and International Patent Application No. WQ89/01 050) 
in which primers specific to an MCP nucleic acid molecule of the invention are 
5 incubated with the nucleic acid sample such that, if present in the sample, that particular 
MCP nucleic acid sequence will be amplified. The particular MCP nucleic acid to be 
amplified is selected based on its uniqueness to the C glutamicum genome, or to the 
genomes of C glutamicum and only a few closely related bacteria. The presence of the 
desired amplified product is thus indicative of the presence of C glutamicum. or an 
3 organism closely related to C glutamicum. 

Further, the nucleic acid and protein molecules of the invention may serve as 
markers for specific regions of the genome. Tt is possible, using techniques well known 
in the art. to ascertain the physical location on the C glutamicum genome of the MCP 
nucleic acid molecules of the invention, which in turn provides markers on the genome 
5 which can be used to aid in the placement of other nucleic acid molecules and genes on 
the genome map. Also, the nucleic acid molecules of the invention may be sufficiently 
homologous to the sequences of related bacterial species that these nucleic acid 
molecules may similarly permit the construction of a genomic map in such bacteria 
(e.g.. Brevihacterium lactofermentum). 

The nucleic acid molecules of the invention have utility not only in the mapping 
of the genome, but also for functional studies of C glutamicum proteins. For example, 
to identify the region of the genome to which a particular C glutamicum DNA-binding 
* protein binds, the C glutamicum genome could be digested, and the fragments incubated 
with the DNA-binding protein. Those which bind the protein may be additionally probed 
with the nucleic acid molecules of the invention, preferably with readily detectable 
labels; binding of such a nucleic acid molecule to the genome fragment enables the 
localization of the fragment to the genome map of C glutamicum^ and, when performed 



multiple times with different enzymes, facilitates a rapid determination of the nucleic 
acid sequence to which the protein binds. ') 

The MCP nucleic acid molecules of the invention are also useful for 
evolutionary and protein structural studies. The metabolic processes in which the 

5 molecules of the invention participate are utilized by a wide variety of prokaryotic and 
eukaryotic cells; by comparing the sequences of the nucleic acid molecules of the 
present invention to those encoding similar enzymes from other organisms, the 
evolutionary relatedness of the organisms can be assessed. Similarly, such a comparison 
permits an assessment of which regions of the sequence are conserved and which are 

10 not. which may aid in determining those regions of the protein which are essential for 
the functioning of the enzyme. This type of determination is of value for protein 
engineering studies and may give an indication of what the protein can tolerate in terms 
of mutagenesis without losing function. 

The MCP protein molecules of the invention may also be utilized as markers for 

1 5 the classification of an unknown bacterium as C glutamicum. or for the identification of 
C glutamicum or closely related bacteria in a sample. For example, using techniques 
well known in the art, cells in a sample may optionally be amplified (e.g.. by culturing 
in an appropriate medium) to increase the sample size, and then may be lysed to release 
proteins contained therein. This sample may optionally be purified to remove debris and 

20 nucleic acid molecules which may interfere with subsequent analysis. Antibodies 

specific for a selected MCP protein of the invention may be incubated with the protein 
sample in a typical Western assay format (see, e.g.. Ausubel et al.. (1 988) Current 
Protocols in Molecular Biology, Wiley: New York) in which the antibody will bind to 
its target protein if this protein is present in the sample. An MCP protein is selected for 

25 this type of assay if it is unique or nearly unique to C glutamicum or C. glutamicum and 
bacteria very closely related to C glutamicum. Proteins in the sample are then separated 
by gel electrophoresis, and transferred to a suitable matrix, such as nitrocellulose. An 
appropriate secondary antibody having a detectable label (e.g.. chemiluminescent or 
colorimetric) is incubated with this matrix, followed by stringent washing. The presence 

30 or absence of the label is indicative of the presence or absence of the target protein in the 
sample. If the protein is present, then this is indicative of the presence of C 
glutamicum. A similar process enables the classification of an unknown bacterium as C 
glutamicum: if a panel of proteins specific to C. glutamicum are not detected in protein 
samples prepared from the unknown bacterium, then that bacterium is not likely to be C. 

35 glutamicum. 

Genetic manipulation of the MCP nucleic acid molecules of the invention may 
result in the production of MCP proteins having functional differences from the wild- 



-40- 



- Li. 



type MCP proteins. These proteins may be improved in efficiency or activity, may be 
present in greater numbers in the cell than is usual, or may be decreased in efficiency or 
activity. 

Such changes in activity may directly modulate the yield, production, and/or 
5 efficiency of production of one or more fine chemicals from C glutamicum. For 
example, by modifying the activity of a protein involved in the biosynthesis or 
degradation of a fine chemical (i.e.. through mutagenesis of the corresponding gene), 
one may directly modulate the ability of the cell to synthesize or to degrade this 
compound, thereby modulating the yield and/or efficiency of production of the fine 
10 chemical. Similarly, by modulating the activity of a protein which regulates a fine 

chemical metabolic pathway, one may directly influence whether the production of the 
desired compound is up- or down-regulated, either of which will modulate the yield or 
efficiency of production of the fine chemical from the cell. 

Indirect modulation of fine chemical production may also result by modifying 
1 5 the activity of a protein of the invention (i.e.. by mutagenesis of the corresponding gene) 
such that the overall ability of the cell to grow and divide or to remain viable and 
productive is increased. The production of fine chemicals from C glutamicum is 
generally accomplished by the large-scale fermentative culture of these microorganisms, 
conditions which are frequently suboptinial for growth and cell division. By 
20 engineering a protein of the invention (e.g.. a stress response protein, a cell wall protein, 
or proteins involved in the metabolism of compounds necessary for cell growth and 
division to occur, such as nucleotides and amino acids) such that it is better able to 
survive, grow, and multiply in such conditions, it may be possible to increase the 
^ number and productivity of such engineered C glutamicum cells in large-scale culture. 

;0 25 which in turn should result in increased yields and/or efficiency of production of one or 
more desired fine chemicals. Further, the metabolic path-ways of any cell are necessarily 
interrelated and coregulated. By altering the activity or regulation of any one metabolic 
pathway in C glutamicum (i.e., by altering the activity of one of the proteins of the 
invention which participates in such a pathway), it is possible to concomitantly alter the 
30 activity or regulation of other metabolic pathways in this microorganism, ^which may be 
• directly involved in the synthesis or degradation of a fine chemical. 

The aforementioned mutagenesis strategies for MCP proteins to result in 
increased yields of a fine chemical from C glutamicum are not meant to be limiting: 
variations on these strategies will be readily apparent to one skilled in the art. Using 
35 such strategies, and incorporating the mechanisms disclosed herein, the nucleic acid and 
protein molecules of the invention may be utilized to generate C. glutamicum or related 
strains of bacteria expressing mutated MCP nucleic acid and protein molecules such that 



the yield, production, and/or efficiency of production of a desired compound is 
improved. This desired compound may be any natural product of C. glutamicum. which 
includes the final products of biosynthesis pathways .and intermediates of naturally- 
occurring metabolic pathways, as well as molecules which do not naturally occur in the / 
metabolism of C. glutamicum, but which are produced by a C glutamicum strain of the 
invention. 
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This invention is further illustrated by the following examples which should not 
be construed as limiting. The contents of all references, patent applications, patents, and 
published patent applications cited throughout this application are hereby incorporated 
by reference. 

Exemplification 

Example 1 : Preparation of total genomic DN A of Corynebacterium gtutamicum 
ATCC 13032 

A culture of Corynebacterium glutamicum (ATCC 13032) was grown overnight 
at 30°C with vigorous shaking in B HI medium (Difco). The cells were harvested by 
centrifugation. the supernatant was discarded and the cells were resuspended in 5 ml 
buffer-I (5% of the original volume of the culture — all indicated volumes have been 
calculated for 100 ml of culture volume). Composition of buffer-I: 140.34 g/1 sucrose. 
2.46 g/1 MgSO, x 7H,0. 10 ml/1 KJ^PO, solution f 100 gfl. adjusted to pH 6.7 with 
KOH). 50 ml/1 Ml 2 concentrate (10 g/1 (NH,) t SO„ 1 g/1 NaCl, 2 g/1 MgSO, x 7HA 
0.2 g/1 CaCl 2 , 0.5 g/1 yeast extract (Difco). 10 ml/l trace-elements-mix (200 mg/1 FeSO, 
jc H-O. 1 0 mg/l ZnSO. x 7 H,0. 3 mg/1 MnCU x 4 H,0. 30 mg/1 H,B0 5 20 mg/1 CoCl 2 x 
. 6 H:0. 1 mg/1 NiCl, x 6 H,CX 3 mg/1 Na 2 MbO. x 2 H,0. 500 mg/1 complexing agent 
(EDTA or critic acid). 100 mli/1 vitamins-mix (0.2 mg/1 biotin. 0.2 mg/1 folic acid, 20 
mg/1 p-amino benzoic acid. 20 mg/1 riboflavin. 40 mg/1 ca-panthothenate. 140 mg/1 
nicotinic acid. 40 mg/1 pyridoxole hydrochloride. 200 mg/1 myo-inositol). Lysozyme 
was added to the suspension to a final concentration of 2.5 mg/ml. After an 
approximately 4 h incubation at 37'C. the cell wall was degraded and the resulting 
protoplasts are harvested by centrifugation. The pellet was washed once with 5 ml 
buffer-I and once with 5 ml TE-buffer (10 mM Tris-HCl. 1 mM EDTA, pH 8). The 
pellet was resuspended in 4 ml TE-buffer and 0.5 ml SDS solution (10%) and 0.5 ml 
NaCl solution (5 M) are added. After adding of proteinase K to a final concentration of 
200 Mg/ml, the suspension is incubated for ca.l 8 h at 37°C. The DNA was purified by 
extraction with phenol, phenol -cWoroform-isoamylalcohol and chloroform- 
isoamylalcohol using standard procedures. Then, the DNA was precipitated by adding 
1/50 volume of 3 M sodium acetate and 2 volumes of ethanol. followed by a 30 min 
incubation at -20°C and a 30 min centrifugation at 12.000 rpm in a high speed centrifuge 
using a SS34 rotor (Sorvall). The DNA was dissolved in 1 ml TE-buffer containing 20 



ug/ml RNaseA and dialysed at 4°C against tOOO ml TE-buffer for at least 3 hours. 
During this time, the buffer was exchanged 3 times. To aliquots of 0.4 ml of the 
dialysed DNA solution. 0.4 ml of 2 M LiCl and 0.8 ml of ethanol are added. After a 30 
min incubation at -20°C, the DNA was collected by centrifugation (13.000 rpm, Biofuge 
5 Fresco, Heraeus. Hanau. Germany). The DNA pellet was dissolved in TE-buffer. DNA 
prepared by this procedure could be used for all purposes, including southern blotting or 
construction of genomic libraries. 

Example 2: Construction of genomic libraries in Escherichia coti of Corynebacterium 

10 gtutamicum ATCC13032. 
0 Starting from DNA prepared as described in Example 1 . cosmid and plasmid 

libraries were constructed according to knowo and well established methods (see e.g.. 
Sambrook. J. et al. (1989) "Molecular Cloning : A Laboratory Manual". Cold Spring 
Harbor Laboratory Press, or Ausubel, F.M. et al. (1 °94) "Current Protocols in Molecular 

1 5 Biology". John Wiley & Sons.) 

Any plasmid or cosmid could be used. Of particular use were the plasmids pBR322 
(Sutcliffe. J.G. (1979) Proc. Natl. Acad. Sci. USA..75:3737-37dl): pACYC 177 (Change & 
Cohen (J 978) J. Bacterid 134:1 141-1 156). plasmids of the pBS scries (pBSSK-K pBSSK- and 
others; Stratagene. LaJolla. USA), or cosmids as SuperCosl (Stratagene. LaJolla. USA) or 

20 Lorist6 (Gibson, T.J., Rosenthal A. and Waterson. R.H. (1987) Gene 53:283-286. 

^ ^ Example 3: DNA Sequencing and Computational Functional Analysis 

Genomic libraries as described in Example 2 were used for DNA sequencing 
according to standard methods, in particular by the chain termination method using 
25 AB1377 sequencing machines (see e.g., Fleischman, R.D. et al. (1995) "Whole-genome 
Random Sequencing and Assembly of Haemophilus Influenzae Rd., Science, 269:496^ 
5 1 2). Sequencing primers with the following nucleotide sequences were used: 5'- 
: GGAAACAGTATGACCATG-3\or5'-GTAAAACGACGGCCAGT-3\ 

30 Example 4: In vivo Mutagenesis 

In vivo mutagenesis of Corynebacterium glutamicum can be performed by passage of 
plasmid (or other vector) DNA through E. coli or other microorganisms (e.g. Bacillus spp. or 
yeasts such as Saccharomyces cerevisiae) which are impaired in their capabilities to maintain 
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the integrity of their genetic information. Typical mutator strains have mutations in the genes 
for the DNA repair system (e.g.. mutHLS, mutD. mutT, etc.; for reference, see Rupp; W.D. 
(1996) DNA repair mechanisms, in: Escherichia coli and Salmonella, p. 2277-2294. ASM: 
Washington.) Such strains are well known to those skilled in the art. The use of such strains is 
5 illustrated, for example, in Greener. A. and Callahan, M. (1 994) Strategies 7: 32-34. 

Example 5: DNA Transfer Between Escherichia coli and Corynebacterium 
glutamic urn 

Several Corynebacterium and Breyibacterium species contain endogenous 

10 plasmids (as e.g.. pHMJ 5 1 9 or pBLl) which replicate autonomously (for review sec. e.g.. 
<0 Martin. J.F. et al. (1 987) Biotechnology. 5:137-1 46). Shuttle vectors for Escherichia coli 
and Corynebacterium glutamicum can be readily constructed by using standard vectors for 
E. coli (Sambrook. J. et al (1989)1 "Molecular Cloning: A Laboratory Manual". Cold 
Spring Harbor Laboratory Press or Ausubel, F.M. et al. (1 994) "Current Protocols in 

15 Molecular Biology". John Wiley & Sons) to which a origin or replication for and a 

suitable marker from Corynebacterium glutamicum is added. Such origins of replication 
are preferably taken from endogenous plasmids isolated from Corynebacterium r and 
Brevibacterium species. Of particular use as transformation markers for these species are 
genes for kanamycin resistance (such as those derived from the Tn5 or Tn903 

20 transposons) or chloramphenicol (Winnacker, EX. (1 987) "From Genes to Clones — 

Introduction to Gene Technology, VCH, Weinhcim). There are numerous examples in the 
' «PK literature of the construction of a wide variety of shuttle vectors which replicate in both E. 

coli and C. glutamicum, and which can be used for several purposes, including gene over- 
expression (for reference, see e.g.. Yoshihama. M. et al. (1 985) J. Bacteriol. 162:591-597, 

25 Martin J.F. et al. (1987) Biotechnology. 5:137-146 and Eikmanns. B.J. et al. (1991) Gene. 
102:93-98). 

Using standard methods, it is possible to clone a gene of interest into one of the 
shuttle vectors described above and to introduce such a hybrid vectors into strains of * 
Corynebacterium glutamicum. Transformation of C. glutamicum can be achieved by 
30 protoplast transformation (Kastsumata, R. et al. (1 984) J. Bacteriol. 159306-3 1 1). 

electroporation (Liebl, E. et al. (1989) FEMS Microbiol. Letters. 53:399-303) and in cases 
where special vectors are used, also by conjugation (as described e.g. in Schafer. A et al. 
( 1 990) J. Bacteriol . 1 72: 1 663- 1 666). It is also possible to transfer the shuttle vectors for 
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Example 7: Growth of Genetically Modified Corynehacterium glutamicum — Media 
and Culture Conditions . 

Genetically modified Corynebacteria are cultured in synthetic or natural growth 
media. A number of different growth media for Corynebacteria are both well-known and 
5 readily available (Lieb et ai (1989) Appl. Microbiol. Biotechnol., 32:205-210: von der 
Osten etal (1998) Biotechnology Letters. 1 1 :11-16; Patent DE 4,120.867; Lieb! (1992) 
"The Genus Corynehacterium, in: The Procaryotes, Volume IT. Balows, A. et at. eds. 
Springer- Verlag). These media consist of one or more carbon sources, nitrogen sources, 
inorganic salts, vitamins and trace elements. Preferred carbon sources are sugars, such as 

1 0 mono-, di-, or polysaccharides:- For example, glucose, fructose, mannose, galactose, 
ribose, sorbose, ribulose, lactose, maltose, sucrose, raffinose. starch or cellulose serve as 
very good carbon sources. It is also possible to supply sugar to the media via complex 
compounds such as molasses or other by-products from sugar refinement. It can also be 
advantageous to supply mixtures of different carbon sources. Other possible carbon 

1 5 sources arc alcohols and organic acids, such as methanol, ethanol. acetic acid or lactic 
acid. Nitrogen sources are usually organic or inorganic nitrogen compounds, or materials 
which contain these compounds. Exemplary nitrogen sources include ammonia gas or 
; ammonia salts, such as NHX1 or (NHj 2 SO,. NtLOH. nitrates, urea, amino acids or 

complex nitrogen sources like corn steep liquor, soy bean flour, soy bean protein, yeast 

20 extract meat extract and others. 

Inorganic salt compounds which may be included in the media include the 
chloride-, phosphorous- or sulfate- salts of calcium, magnesium, sodium, cobalt 
molybdenum, potassium, manganese, zinc, copper and iron. Chelating compounds can be 
added to the medium to keep the metal ions in solution. Particularly usefril chelating 

25 compounds include dihydroxyphenols. like catechol or protocatecHuate. or organic acids, 
such as citric acid. It is typical for the media to also contain other growth factors, such as 
vitamins or growth promoters, examples of which include biotin. riboflavin, thiamin, folic 
acid, nicotinic acid, pantothenate and pyridoxin. Growth factors and salts frequently 
originate from complex media components such as yeast extract, molasses, corn steep 

30 liquor and others. The exact composition of the media compounds depends strongly on 
the immediate experiment and is individually decided for each specific case. Information 
about media optimization is available in the textbook "Applied Microbiol. Physiology, A 
Practical Approach {eds. P.M. Rhodes, P.F. Stanbury. IRL Press (1997) pp. 53-73, ISBN 0 



19 963577 3). It is also possible to select growth media from commercial suppliers, like 
standard 1 (Merck) or BHI (grain heart infusion, DIFC) or others. 

All medium components are sterilized, either by heat (20 minutes at 1.5 bar and 
1 2TC) or by sterile filtration. The components can either be sterilized together or, if 
5 necessary, separately. All media components can be present at the beginning of growth, 
or they can optionally be added continuously or batchwise. 

Culture conditions are defined separately for each experiment. The temperature 
should be in a range between 15"C and 45*C. The temperature can be kept constant or can 
be altered during the experiment. The pH of the medium should be in the range of 5 to 

10 8.5, preferably around 7.0. and can be maintained by the addition of buffers to the media. < 
An exemplary buffer for this purpose is a potassium phosphate buffer. Synthetic buffers 
such as MOPS, HEPES. ACES and others can alternatively or simultaneously be used. It 
is also possible to maintain a constant culture pH through the addition of NaOH or 
NH,OH during growth, tf complex medium components such as yeast extract are utilized, 

1 5 the necessity for additional buffers may be reduced, due to the fact that many complex 
compounds have high buffer capacities. If a fcrmentor is utilized for culturing the micro- 
organisms, the pH can also be controlled using gaseous ammonia. 

The incubation time is usually in a range from several hours to several days. This 
time is selected in order to permit the maximal amount of product to accumulate in the 

20 broth. The disclosed growth experiments can be carried out in a variety of vessels, such as 
microtiter plates, glass tubes, glass flasks or glass or metal fermentors of different sizes. 
For screening a large number of clones, the microorganisms should be cultured in 
microtiter plates, glass rubes or shake flasks, either with or without baffles. Preferably 
1 00 ml shake flasks are used, filled with 1 0% (by volume) of the required growth 

25 medium. The flasks should be shaken on a rotary shaker (amplitude 25 mm) using a 

speed-range of 100 - 300 rpm. Evaporation losses can be diminished by the maintenance 
of a humid atmosphere: alternatively, a mathematical correction for evaporation losses 
should be performed. 

If genetically modified clones are tested, an unmodified control clone or a control 

30 clone containing the basic plasmid without any insert should also be tested. The medium 
is inoculated to an OD 6 oo of 0.5 - 1.5 using cells grown on agar plates, such as CM plates 
(10 g/1 glucose. 2,5 g/1 NaCl, 2 g/1 urea. 10 g/1 polypeptone, 5 g/1 yeast extract 5 g/1 meat 
extract 22 g/1 NaCl, 2 g/1 urea, 1 0 g/1 polypeptone. 5 g/1 yeast extract, 5 g/1 meat extract, 
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22 g/l agar, pH 6.8 with 2M NaOH) that had been incubated at 30X. Inoculation of the 
media is accomplished by either introduction of a saline suspension of C glutamicum cells 
from CM plates or addition of a liquid preculture of this bacterium. 



5 Example 8 - In vitro Analysis of the Function of Mutant Proteins 

The determination of activities and kinetic parameters pf enzymes is well 
established in the art. Experiments to determine the activity of any given altered 
enzyme must be tailored to the specific activity of the wild-type enzyme, which is well 
within the ability of one skilled in the art. Overviews about enzymes in general, as well 

1 0 as specific details concerning structure, kinetics, principles, methods, applications and 
examples for the determination of many enzyme activities may be found, for example, in 
the following references: Dixon, M.. and Webb, E.C., (1 979) Enzymes. Longmans: 
London; Fersht, (1985) Enzyme Structure and Mechanism. Freeman: New York; 
Walsh* (1979) Enzymatic Reaction Mechanisms. Freeman: San Francisco; Price. N.C.. 

1 5 Stevens, L. (1982) Fundamentals of Enzymology. Oxford Univ. Press: Oxford; Boyer, 
P.D., ed. (1983) The Enzymes, 3 rd ed. Academic Press: New York; Bisswangcr. R, 
(1994) Enzymkinetik. 2 nd ed. VCH: Weinheim (ISBN 3527300325); Bergmcyer. H.U., 
Bergmeyer, J., GraBl, M., eds. (1983-1986) Methods of Enzymatic Analysis, 3 rd ed., v 0 K 
I-XII, Verlag Chcmie: Weinheim; and Ullmann's Encyclopedia of Industrial Chemistry 

20 (t 987) vol. A9, "Enzymes'. VCH: Weinheim. p. 352-363. 

The activity of proteins which bind to DNA can be measured by several well- 
established methods, such as DNA band-shift assays (also called gel retardation assays). 
The effect of such proteins on the expression of other molecules can be measured using 
reporter gene assays (such as that described in Kolmar, H. et al. (1 995) EMBO J- 14: 
IjbrZS 3895-3904 and references cited therein). Reporter gene test systems arc well known and 
established for applications in both pro- and eukaryotic cells, using enzymes such as 
beta-galactosidase. green fluorescent protein, and several others. 

- The determination of activity of membrane-transport proteins can be performed 
according to techniques such as those described in Gennis. R.B. (1989) "Pores. 

30 Channels and Transporters'*, in Biomembranes, Molecular Structure and Function, 
Springer: Heidelberg, p. 85-137; 199-234; and 270-322. 

Example 9: Analysis of Impact of Mutant Protein on the Production of the Desired 
Product 

35. The effect of the genetic modification in C glutamicum on production of a 

desired compound (such as an amino acid) can be assessed by growing the modified 
microorganism under suitable conditions (such as those described above) and analyzing 
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the medium and/or the cellular component for increased production of the desired 
product (i.e., an amino acid). Such analysis techniques are well known to one skilled in 
the art. and include spectroscopy, thin layer chromatography v staining methods of 
various kinds, enzymatic and microbiological methods, and analytical chromatography 
5 such as high performance liquid chromatography (see, for example. Ullman. 
Encyclopedia of Industrial Chemistry, vol. A2. p. 89-90 and p. 443-61 3, VCH: 
Weinheim (1985): Fallon. A. et ah, (1987) "Applications of HPLC in Biochcmistry'Vin: 
Laboratory Techniques in Biochemistry and Molecular Biology, vol. 1 7; Rehm et al. 
(1 993) Biotechnology, vol. 3, Chapter III: "Product recovery and purification", page 

10 469-714, VCH: Weinheim; Belter. P.A. et al. (1988) Bioseparations: downstream 

processing for biotechnology*, John Wiley and Sons; Kennedy. J.F. and Cabral. J.M.S. 
(1992) Recovery processes for biological materials. John Wiley and Sons; Shaeiwitz, 
ijjp^ J.A. and Henry, J.D. (1 988) Biochemical separations, in: Ulmann's Encyclopedia of 
z Industrial Chemistry, vol. B3, Chapter 1 1, page 1-27. VCH: Weinheim; and Dechow. 

15 FJ. (1 989) Separation and purification techniques in biotechnology, Noyes 
Publications.) 

In addition to the measurement of the final product of fermentation, it is also 
possible to analyze other components of the metabolic pathways utilized for the 
production of the desired compound, such as intermediates and side-products, to 

20 determine the overall efficiency of production of the compound. Analysis methods 
include measurements of nutrient levels in the medium (e.g., sugars, hydrocarbons, 
nitrogen sources, phosphate, and other ions), measurements of biomass composition and 
growth, analysis of the production of common metabolites of biosynthetic pathways, and 
measurement of gasses produced during fermentation. Standard methods for these 

25 measurements are outlined in Applied Microbial Physiology, A Practical Approach. 
0" P.M. Rhodes and P.F. Stanbury. eds.. IRL Press, p. 103-129: 131-163: and 165-192 
(ISBN: 0199635773) and references cited therein. ^ 

Example 10: Purification of the Desired Product from C glutamicum Culture 

30 Recovery of the desired product from the C glutamicum cells or supernatant of 

the above-described culture can be performed by various methods well known in the art. 
If the desired product is not secreted from the cells, the cells can be harvested from the 
culture by low-speed centrifugation. the celts can be lysed by standard techniques, such 
as mechanical force or sonication. The cellular debris is removed by centrifugation, and 

35 the supernatant fraction containing the soluble proteins is retained for further 

purification of the desired compound. If the product is secreted from the C glutamicum 
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cells, then the cells are removed from the culture by low-speed centrifugation. and the 
supemate fraction is retained for further purification. 

• The supernatant fraction from either purification method is subjected to 
chromatography with a suitable resin, in which the desired molecule is either retained on 
5 a chromatography resin while many of the impurities in the sample are not. or where the 
' impurities are retained by the resin while the sample is not. Such chromatography steps 
may be repeated as necessary, using the same or different chromatography resins. One 
skilled in the art would be well-versed in the selection of appropriate chromatography 
resins and in their most efficacious application for a particular molecule to be purified. 
10 The purified product may be concentrated by filtration or ultrafiltration, and stored at a 
temperature at which the stability of the product is maximized. 

There are a wide array of purification methods known to the art and the 
preceding method of purification is not meant to be limiting. Such purification 
techniques are described, for example, in Bailey, J.E. & Ollis, D.F. Biochemical 
15 Engineering Fundamentals. McGraw-Hill: New York (1986). 

The identity and purity of the isolated compounds may be assessed by techniques 
standard in the art. These include high-performance liquid chromatography (HPLC). 
spectroscopic methods, staining methods, thin layer chromatography, NIRS. enzymatic 
assav, or microbiologically. Such analysis methods are reviewed in: Patek et al. (1994) 
20 AppL Environ. Microbiol. 60: 133-140;.Malakhova et al. (1996) Biotckimologiya 1 1 : 27- 
32- and Schmidt et al. (1998) Bioprocess Engineer. 1 9: 67-70. Ulmann's Encyclopedia 
of Industrial Chemistry. (1996) vol. A27. VCH: Weinheim, p. 89-90, p. 521-540. p. 540- 
547 p 559-566. 575-581 and p. 581-587: Michal. G. (1999) Biochemical Pathways: An 
Atlas of Biochemistry and Molecular Biology. John Wiley and Sons; Fallon, A. et al. 
25 (1987) Applications of HPLC in Biochemistry in: Laboratory Techniques m 
Biochemistry and Molecular Biology, vol . 1 7. 

Equivalents 

Those skilled in the art will recognize, or will be able to ascertain usmg no more 
than routine experimentation, many equivalents to the specific embodiments of the 
invention described herein. Such equivalents are intended to be encompassed by the 
following claims. 
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»RXA01017 -amino acid sequence 
(1-609 , translated) 203 residues 

MAQKVTFWFD TTCPFCWVTS RWIKEVEQVR DIEIQWVPMS LAVLNEGRDL PEDYKERMKA AWGPARVFAA 
"VATDHADKLG DLYTAMGTRI HNDGRGP IE G SFNDVIAEAL EEVGLDAALG EVADTTEWDD ALRAFHQTAM 
DEVGNDVGTP WKLGDTAFF GPVLTRIPRG EE AGE I FDAS FKLASYPHFF EIKRSRTENP QFD 
>RXA0 101 7 -nucleotide sequence A: upstream 

GAAATTTGAGGGGGCGCTACCCTTAGAAGGTGCGCAATGACACCACGATAGTTCGCGCCTAGTGTGGATTGCTAGAA 
AACTTTAAGAAAGAGGAAATAAT 

>RXA0 101 7 -nucleotide sequence B: coding region 

ATGGCTCAAAAAGTAACCTTCTGGTTCGATACCACCTGCCCATTCTGCT 

CGAACAAGTCCGCGATATTGAAATCCAGTGGGTTCCAATGAGCCTCGCTGT^ 

AGGATTACAAGGAGCGCATGAAGGCTGCATGGGGACCAGCACGCGTTTTCGCAGCTGTCGCCA 

AAGCTCGGCGACCTGTACACCGCAATGGGTACCCGCAT^ 

TGATGTCATCGCAGAGGCACTTGAAGAGGTCGGCCTAGACGC^ 

ACGACGGACTTCGCGCATTCCACCAGACCGCAATGGACGAGGTCGGCAACGATGT 

GGCGACACCGCTTTCTTCGGCCGAGTGCTCACCCGCATCCCACGCGGCGAGGAAGCAGGAGAGATCTTCG 
CTTCAAGCTCGCAAGCTATCCCCACTTCTTTGAAATCAAGCGCAGCCGCACTGAGAACCCACAGTTCGAC 
>RXA01017 -nucleotide sequence C: downstream 
TAATTAACGCTGTCTCTGCTTAT 
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»RXAO 1021 -amino acid sequence 
(1-522, translated) 174 residues 

MSSSESSRSE GSQPAPSVQP ERRADSTGAP AAASKEASQQ MDAAGVLEWA RTAVEQLSER RAEINALNVF 
PVPDADTGSN MTYTMTAALD EALKLGELGD VARITEALAV GSVRGARGNS GWLSQVLRA IAQAAADGVI 
DGHTIQEALS IARSLVDRAI TDPVEGTWT VLRS 
>RXA0 1021 -nucleotide sequence A: upstream 

CGAGAGGCTTTTTTGGCTCTAAGCCTTTTAGTCGTGCGAACGAAATCTTAAGCAGCCTCGGTGCCACCGAGATCGAT 
TGGTCGCTGTAAGGTATCTGATT 

>RXA01 021 -nucleotide sequence B: coding region 
ATGTCCAGTTCCGAAAGCTCGCGTTCCGAAGGCTCGCAC^ 

AACGGGGGCTCCTGCGGCAGCTTCCAAGGAAGCTTCCCAACAAATGGACGCTGCCGGAGTTCTTGA 
CCGCTGTCGAGCAGCTTTCTGAACGTCGTGCAGAGATCAATGCACT 

GC^TCAAAGATGACCTACACCATGACAGCTGCGTTGGATGAAGCGCTGAAACTGGGGGAGTTGGGTGATG 

GATTACTGAGGCTTTGGCTGTTGGTTCTGTGCGTGGAGCCCGAGGAAATTCTGGAGTAGTGCTTAGTCAGGTCCT 
GCGCTATTGCTCAGGCAGCTGCTGACGGGGTTAT^ 

CTAGTTGATCGCGCAATTACAGATCCTGTGGAGGGCACTGTTGTCACTGTGTTGCGTTCT 
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»RXA01074-amino acid sequence 
(1-705, translated) 235 residues 

LAEAAGUWL AEASSAVAQV VSADAEQITT VGVETQLPTP DAAFKAGEEL ARIHLAGAPA FGCPPAGWAG 
. LNYIGTQGQA CLSTPTWGVF YSQQRVLPFA RRARRRNHLT EHALWWEAA CDLISELPDD VPPARIHGDL 
WFGNLLFGTD GPVFIDPAAH GGHPETDLAM LDVFGAPYID EIREGYLSIN PLPDGWRERT PMHQLHPIAV 
HAASHGPSYG VEKLHAAKAT T.KT.T.n 

>RXA01 07 4 -nucleotide sequence A: upstream 
CGAATGAAATCACTGGGCGGGAGTTCACCCTCGGCGAGGA 
GCCCCGCACAACCCCAAGCAGCC " 

>RXA01 074 -nucleotide sequence B: coding region 
TTGGCGGAAGCCGGAGGTCTACGCTGGCTCGCCGAAGCATCTTG 

GCAGATCACGACTGTTGGCGTCGAAACGCAATTGCCCACACCCGATGCGGCCTTCAAGGCCGGCGAAGAGCTCGCCC 
GCATCCACCTTGCCGGCGCCCGAGCGTTCGGCTGTCCACCAGCGGGCTGGGCGGGGTTA^ 

GGACAAGCATGCTTATCGACGCCCACCTGGGGTGTTTTTTACTCCCAGCAACGCGTACTCCCGTTTGCGCGCCC^ 
ACGCAGC^GAAATCACCTC^CCGAGCACGCACTCTGGGTCGTGGA 

ATGACGTTCCCCCCGCCAGAATCCACGGCGACTTGTGGTTTGGCAACCTACTTTTTGGCACAGACGGGCCTGTGTTT 

ATTGACCCCGCAGCTCACGGCGGTCATCCCGAAACTGATCTCGCGATGCTTGATGTATTTGGCGCACCCTATCTCGA 
TGAAATCCGGGAAGGTTATCTGTCTATCAACC^ 

ACCCTTTGGCCGTACATGCGGCGTCTCATGGGCCAA^ 
AAACTGTTGGAT 

>RXA0 1074 -nucleotide sequence C: downstream 
TAACGCCACCAATTTTCCTGCGG 
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»RXA01078-amino acid sequence 
(1-834, translated) 278 residues 

MSNAVPHNVS FNEVPRAYRP EKPRTFGMTE IRAPYYSTFG TRHLQDVFDV AGQWVDGIKW AGGSFSLVPT 
EQVRAFSDIA HENNAYVSSG GWIETVLRYG DDAVDHYLKE AKEVGFDVIE ISTGFIMLNT SGLQRLVEKV 
VKAGLKAKPE LGLQIGSGGD SGEAELAAEG KKDIGDLVDR GKKALDAGAS IIMIESEGIT ENVTEWDTGA 
AASIINGLGL ENVMFEAADG PVFEWYVKNY GNECNLFVDH SQILQLEGLR QNIWGNKSTW GRVINPAP 
>RXA01078-nucleotide sequence A: upstream 

ATCATTCACGAGCTCGATAGCCGACAGGTTTCTGAACTCACAGAAGCCCTGGCCAAAGTCTCCACCACCCGCAGCTA 
AAACT TTTTGAAAGGAGCTCATC 

>RXA01078-nucleotide sequence B: coding region 

ATGAGCAACGCAGTACCCCACAACGTTTCCTTCAACTTTGTTCCCCGCGCTTACCGTCCAGAAAAGCCCCGCACATT 
CGGCATGACAGAAATTCGTGCACCGTACTACTCCACTTTCGGCAC^ 
GCCAGTGGGTGGACGGCATCAAATGGGCAGGCGGTTCCTTCTCCCT^ 
GACATCGCCCATGAAAACJ^TGCCTATGTGTCTTCCGGTGG^ 

AGT TGATGATTACTTAAAGGAAGCCAAGGAAGTCGGC T TCGATGT TAT TGAGATT TCCACCGGAT TCATCATGCTCA 
ACACTTCAGGTCTTC^GCGCCTGGTAGAAAAAGTGGTCAAG^ 

ATTGGTTCCGGAGGCGACTCTGGTC^GGCTGAACTTGCAGCCGAAGGAAAGAAAGACATT 

CGGTAAAAAAGCTCTCGACGCCGGCGCATCCATGATCATGATCGLAATCCGAA 

GGGATACAGGCGCTGCCGCGTCCATCATCAATGGACTGGGATTAGAAAACGTC^ 

GTCTTTGAGTGGTATGTCAAA^CTACGGCAACGAATGCAACCTGTTCGTCGACCACAGTCAAATTCTGCAACTTGA 
AGGGC TGCGCCAAAACATCTGGGGCAACAAGAGCACCTGGGGACGAGTAATCAACCCTGCGCC T 
>RXA01078-nucleotide sequence C: downstream 
TAAATACCAGGTCAGGGAGGGCA 
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»RXA01 088 -amino acid sequence 
(1-1182, translated) 394 residues 

MGLWIDATAG VAGDMLLGAL IDAGAELEKI QQWEAVIPG DVLLRTE E W RQGQRGIKLH VDAQHE HHHH 
RHLSTIKELL VNAD I PEQTK QD ALGVFE h I AIAEGKVHGI EPEKIHFHEV GAWD SI AD IV GVCEAIRQLN 
PGLIAASPIA LGFGRIKAAH GDIPVPVPAV AELVKGWPTQ TGALMESTEP VGELATPTGV ALIRHFATQD 
GPFPGGIINE VGIGAGTKDT EGRPNIVRAI LFNTSRSNPD TRTLVQLEAN VDDQD PRLWP GVIEILFAAG 
AVD AWXtT P I L MKKGRPAHRV SALVDSSEVE AVKTALFAAT TTFGIRSWEV EREGLDRRFE QVE VDGHT IN 
IKIGSRDDQV ISAQSEFEDI RSAAVALGIS EREWARIPQ GTTE 
>RXA01 08 8 -nucleotide sequence A: upstream 

TGCCTTGAGTCTAATTCTCCCGCCCGTGCGATGGGTTTAAGCTGGACTGATAAACCTTTTGTGAACCGAATTTTTTA 
AC T GAT T T GAAGAAGC GAGAAT A 

>RXA01088-nucleotide sequence B: coding region 
% ATGGGACTGTGGATCGATGCAACCGCTGGCGTTGCAGGGGATATGTT 
ACTAGAAAAAATCCAACAGGTTGTGGAAGCAGTCATCCCCGGTGACGTGCTCTTGCGCACCGAAGAG 
AAGGCCAACGAGGCATCAAGCTGCATGTGGACGCACAACATGA^ 

GAACTGCTTGTCAATGCTGACATCCCTGAACAAACCAAGCAGGATGCCTTAGGCGTTTTTGAAC^ 
TGAAGGAAAAGTCCACGGCATCGAGCCGGAGAAAATCCA^ 

TTGTGGGTGTGTGCG^GCGATCAGGCAGCTTAACCCAGGTTTGATTGCTGCATCTCCGATTGCTTT^ 
CGCATCAAGGCAGCTCACGGAGATATTCCAGTGCCAGTTCCAGCCGTGGCAGAGCTG^ 

AACCGGAGCTCTTATGGAGAGCACCGAACCTGTTGGTGAATTAGCCACCCCAACTGGTGTTGCGTTGATCCGTCACT 
TTGCCACCCAAGATGGCCCTTTCCCAGGTGGCATCAT 

GGCCGTCGAAATATAGTGCGCGCAATTTTGTTCAACACCTCTAGGAGTAACCCAGAT^^ 
AGAAGCCAATGTTGATGATCAAGACCCACGGCTGTGGC 

ATGCATGGCTGAC TCCAAT T T TGATGAAGAAGGGCCGTCCTGCACATAGGGTGTCAGCATTGGTGGATAGCTCCGAG 
GTGGAAGCAGTGAAAACCGCATTATTTGC^K 

CTTGGACCGTCGTTTCGAACAAGTCGAGGTGGACGGACACACC^^ 

TAATCAGTGCACAGTCCGAGTTTGAAGATATTCGGTCTGCAGCGGTGGCCTTGGGAATTTCAGAGCGGGAAGTTGTG' 
GCAAGAATTCCGCAAGGCACCACCGAG 

>RXA01088-nucleotide sequence C: downstream 
TAACAACCAAAAGGTCGACTGCT 
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Claims 

1 . An isolated nucleic acid molecule from Corynebacterium glutamicum encoding an 
MCP protein, or a portion thereof. ' . 

2. The isolated nucleic acid molecule of claim 1. wherein said nucleic acid molecule 
encodes an MCP protein involved in fine chemical production. 

3. An isolated Corynebacterium glutamicum nucleic acid molecule selected from the 
group consisting of those sequences set forth in Appendix A, or a portion thereof. 

4. An isolated nucleic acid molecule which encodes a polypeptide sequence selected 
from the group consisting of those sequences set forth in Appendix B. 

15 5. An isolated nucleic acid molecule which encodes a naturally occurring allelic variant 
* of a polypeptide selected from the group of amino acid sequences consisting of those 
sequences set forth in Appendix B. 

6 ' A noj S v IatC 1 nudeic acid mo,ecule comprising a nucleotide sequence which is at least 
50 /o homologous to a nucleotide sequence selected from the group consists 0 f 
those sequences set forth in Appendix A, or a portion thereof. 

7. An isolated nucleic acid molecule comprising a fragment of at least 1 5 nucleotides 
ot a nucleic acid comprising a nucleotide sequence selected from the group 

25 consisting of those sequences set forth in Appendix A. 

8. An isolated nucleic acid molecule which hybridizes to the nucleic acid molecule of 
any one of claims 1-7 under stringent conditions. 

30 9. An isolated nucleic acid molecule comprising the nucleic acid molecule of any one 
of claims 1-8 or a portion thereof and a nucleotide sequence encoding a heterologous 
polypeptide. " 

^ 1 0. A vector comprising the nucleic acid molecule of any one of claims 1-9. 

1 1 . The vector of claim 1 0, which is an , expression vector. 

1 2. A host cell transacted with the expression vector of claim 1 1 . 

40 13. The host cell of claim J 2, wherein said cell is a microorganism. 

14. The host cell of claim 13. wherein said cell belongs to the genus Corynebacterium 
or Brevibacterium. 

45 15. The host cell of claim 12, wherein the expression of said nucleic acid molecule 
results in the modulation in production of a fine chemical from said cell. 



i 7 hercin 531(1 fine chemical is selected from thc ^up 

S^SK? T C aad , S - P roteino S^c and nonproteinogenic amino acids purine 

baS6S : ° uc l e ° SideS - nudeotide s, lipids, saturated and unsaturat' ed 
en^es c **>M»tes. aromatic compounds, vitamins, cofactors. anT 



11 t r a h n°nl < l ? ? ClU l ng 3 ^P"P^ comprising culturing the host cell of claim 12 
in an appropriate culture medium to ; thereby, produce the polypeptide. 

10 1 *" uW 3tCd POlyPept,de 601,1 G-V-taW*. glutamicum. or a portion 
1 9 ' p^ e dSct 1 fo P n Ptide ° f daim 1 *' Wherei ° Said polype P tide is * vo,vcd in *ne chemical 

15 

20 " ^nlSn o e< i^il yPeptide COm P nsin S ^ amino acid sequence selected from the group 
consisting of those sequences set forth in Appendix B. ' 

21 . An isolated polypeptide comprising a naturally occurring allelic variant of a 

po ypep tl dc comprising an amino acid sequence selected from the group consisting 
of those sequences set forth in Appendix B, or a portion thereof. consistin 8 

22 ' ^ S ° lat f P ° lypeptide ofan y ° f claims 18-21. further comprising heterologous 
ammo acid sequences c 3 

25 

23 ' r^ c wfH ed P 01 ^^^" is encoded bya nucleic acid molecule comprising a 
nucleotide sequence winch JS at least 50% homologous to a nucleic acid selected 
trom the group consisting of those sequences set forth in Appendix A. 

30 24. An isolated polypeptide comprising an amino acid sequence which is at least 50% 
homologous to an arnino acid sequence selected from the group consisting of those 
sequences set forth in Appendix B. 6 

3<5 25 ' tZn^? f° r p ?, ducin § a fine ehemicd. comprising culturing a cell containing a 
35 vector of claim 12 such that the fine chemical is produced. 

26. The method of claim 25, ^herein said method further comprises the step of 
recovering the fine chemical from said culture. ■ - 

40 27. The method of claim 25, wherein said method further comprises thc step of 

transacting said cell with the vector of claim 11 to result in a cell containing said 
vector. 45 

28. pe method of claim 25, wherein said cell belongs to the genus Corynebacterium or 
4 5 Brevibacterium. 

29. The method of claim 25, wherein said cell is selected from the group consisting of 
Corynebacterium glutamicum. Corynebacterium herculis. Corynebaciertum, [ilium 
Corynebacterium aceioacidophilum. Corynebacterium aceloglutamicum. 




Corynebacterium aceiophilum. Corynebacterium ammoniagenes. Corynebacterium 
fufiohense. Corynebacterium nitrilophilus. Brevibacterium ammoniagenes. 
Brevibacterium butanicum. Brevibacterium divoricatum, Brevibacterium flavum. 
Brevibacterium he alii Brevibacterium ketoglutamicum. Brevibacterium 
5 ke(osoreductum % Brevibacterium lactofermentum. Brevibacterium linens. 
Brevibacterium paraffxnolyticum. and those strains set forth in Table 3. 

30. The method of claim 25. wherein expression of the nucleic acid molecule from said 
vector results in modulation of production of said fine chemical. 

10 

31. The method of claim 25, wherein said fine chemical is selected from the group 
consisting of: organic acids, proteinogenic and nonproteinogenic amino acids, purine 
and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 
fatty acids, diols. carbohydrates, aromatic compounds, vitamins, cofactors, and 

15 enzymes. 

32. The method of claim 25, wherein said fine chemical is an amino acid. 

33. The method of claim 32. wherein said amino acid is drawn from the group consisting 
20 of: lysine, glutamate. glutamine. alanine, aspartate, glycine, serine, threonine. 

methionine, cysteine, valine, leucine, isoleucine. arginine. proline, histidine. 
tyrosine, phenylalanine, and tryptophan. 

34. A method for producing a fine chemical, comprising culturing a cell whose genomic 
25 DNA has been altered by the inclusion of a nucleic acid molecule of any one of - 

claims 1-9. , 



